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NOMENCLATURE 


Preparations  appear  in  the  alphabetical  order  of  common  names 
of  the  compounds.  For  convenience  in  surveying  the  literature 
concerning  any  preparation  through  Chemical  Abstracts  subject 
indexes,  the  Chemical  Abstracts  indexing  name  for  each  compound 
is  given  as  a  subtitle  if  it  differs  from  the  common  name  used  as 
the  title. 


SUBMISSION  OF  PREPARATIONS 

Chemists  are  invited  to  submit  for  publication  in  Organic  Syn¬ 
theses  procedures  for  the  preparation  of  compounds  which  are  of 
general  interest,  as  well  as  procedures  which  illustrate  synthetic 
methods  of  general  utility.  It  is  fundamental  to  the  usefulness 
of  Organic  Syntheses  that  submitted  procedures  represent  opti¬ 
mum  conditions,  and  the  procedures  should  have  been  checked 
carefully  by  the  submitters,  not  only  for  yield  and  physical  prop¬ 
erties  of  the  products,  but  also  for  any  hazards  that  may  be  in¬ 
volved.  Full  details  of  all  manipulations  should  be  described, 
and  the  range  of  yields  should  be  reported  rather  than  the  maxi¬ 
mum  yield  obtainable  by  an  operator  who  has  had  considerable 
experience  with  the  preparation.  For  each  solid  product  the 
melting-point  range  should  be  reported,  and  for  each  liquid 
product  the  range  of  boiling  point  and  refractive  index  should 
be  included.  In  some  instances,  it  is  desirable  to  include  addi¬ 
tional  physical  properties  of  the  product,  such  as  ultraviolet, 
infrared,  or  nuclear  magnetic  resonance  spectra.  The  methods 
of  preparation  or  sources  of  the  reactants  should  be  described  in 
notes,  and  the  physical  properties  (such  as  boiling  point,  index  of 
refraction,  melting  point)  of  the  reactants  should  be  included 
except  where  rather  standard  commercial  grades  are  specified. 

Procedures  should  be  written  in  the  style  and  format  employed 
in  the  latest  published  volume  of  Organic  Syntheses.  Copies  of 
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the  current  style  sheet  may  be  obtained  from  the  Secretary  of 
the  Editorial  Board.  In  Section  3,  Methods  of  Preparation,  there 
should  be  described  other  practical  methods  for  preparing  the 
compound  which  have  appeared  in  the  literature.  It  is  unneces¬ 
sary  to  mention  methods  which  have  been  published  but  are  of 
no  practical  synthetic  value.  In  Section  4,  Merits  of  the  Prepa¬ 
ration,  a  statement  should  be  made  indicating  why  the  prepara¬ 
tion  is  published  in  Organic  Syntheses.  Among  the  obvious 
reasons  for  publication  would  be  the  novelty  of  the  procedure, 
general  scope  of  the  synthetic  method,  specific  interest  in  the 
compound  or  its  use  as  an  intermediate  for  preparing  other  com¬ 
pounds,  convenience  of  the  method,  and  improvement  in  yields. 
Two  copies  of  each  procedure  should  be  submitted  to  the  Sec¬ 
retary  of  the  Editorial  Board.  It  is  sometimes  helpful  to  the 
Board  if  there  is  an  accompanying  letter  setting  forth  the  features 
of  the  preparation  which  are  of  interest. 

Additions,  corrections,  and  improvements  to  the  preparations 
previously  published  are  welcomed  and  should  be  directed  to  the 
Secretary. 


EDITOR’S  PREFACE 


The  preparations  presented  in  this  volume  of  Organic  Syn¬ 
theses  were  selected  from  those  manuscripts  submitted  volun¬ 
tarily,  and  those  received  in  response  to  the  solicitation  program. 
The  choices  reflect  the  continuing  policy  by  the  editors  of  pre¬ 
senting  examples  which  illustrate  new  or  general  methods  of 
organic  synthesis,  significant  improvements  in  older  methods 
of  synthesis,  and  the  preparation  of  compounds  of  wide  general 
interest. 

This  volume  contains  a  relatively  large  number  of  prepara¬ 
tions  which  illustrate  new  or  general  methods,  including:  a 
method  for  carboxylating  saturated  hydrocarbons  containing  a 
tertiary  hydrogen  (1-adamantanecarboxylic  acid);  a  general 
method  for  the  synthesis  of  aldehydes  (o-anisaldehyde) ;  a 
method  for  the  conversion  of  carbonyl  groups  to  difluoro- 
methylene  groups  (a,a-difluorotoluene) ;  a  method  for  the  con¬ 
version  of  2,6-dialkylphenols  to  l,3-dihydro-2H-azepin-2-ones 
(l,3-dihydro-3,5,7-trimethyl-2H-azepin-2-one) ;  a  method  for 
the  conversion  of  olefins  and  ^-alcohols  to  ^-amines  by  the  Ritter 
reaction  (a,a-dimethyl-/?-phenethylamine) ;  a  general  method 
for  the  synthesis  of  ketimines  (diphenyl  ketimine);  the  use  of 
lithio-esters  for  the  preparation  of  /3-hydroxy  esters  (ethyl  /?- 
hydroxy-/?,/?-diphenylpropionate) ;  a  method  for  the  synthesis 
of  N-alkylallenimines  by  ring  closure  of  N-(2-bromoallyl)- 
alkylamines  by  action  of  sodium  amide;  the  use  of  ethylene 
bromide  as  an  entrainment  agent  in  Grignard  syntheses 
(pentachlorobenzoic  acid) ;  a  method  for  the  synthesis  of  azu- 
lenes  (4,6,8-trimethylazulene) ;  and  the  Decker  reaction  for 
the  preparation  of  N-methylalkylamines  (N-methylbutylamine 
and  N-methylethylamine). 

Certain  preparations — mesitoic  acid,  7-^-butoxynorbornadi- 
ene,  cyclopentanecarboxaldehyde,  /-butyl  azidoformate,  indole- 
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3-acetic  acid,  2,3-diaminopyridine,  and  2,4,6-trimethylpyrylium 
perchlorate — illustrate  new  or  improved  methods  for  the  syn¬ 
thesis  of  compounds  of  wide  general  interest.  In  including  the 
preparation  of  2,4,6-trimethylpyrylium  perchlorate,  it  was  felt 
that  standard  procedures  which  have  been  tested  in  more  than 
one  laboratory  without  difficulty  and  which  attempt  to  point  out 
as  clearly  as  possible  the  potential  hazards  involved  would  serve 
a  useful  function  for  those  who,  despite  the  hazards,  find  this  a 
necessary  and  important  starting  material. 

The  editors  express  their  appreciation  to  chemists  in  this 
country  and  throughout  the  world  for  their  contributions  to  this 
series,  as  reflected  by  the  high  quality  of  the  preparations  re¬ 
ceived  through  the  voluntary  submission  program.  The  editors 
will  welcome  recommendations  by  readers  of  Organic  Syntheses 
of  preparations  to  be  included  in  subsequent  volumes.  For  this 
purpose,  submission  of  a  brief  description  of  the  reaction  and 
the  merits  of  the  preparation  will  permit  preliminary  evalution 
by  the  members  of  the  Board  of  Editors. 

William  E.  Parham 
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1-ADAMANTANECARBOXYLIC  ACID 


(CH3)3COH  +  hco2h  +  h2so4 
~(CH3)3CH,  —  h2o 


Submitted  by  H.  Koch  and  W.  Haaf  1 
Checked  by  W.  W.  Prichard  and  B.  C.  McKusick 


1.  Procedure 

Caution!  Because  carbon  monoxide  is  evolved,  the  reaction  should 
be  carried  out  in  a  good  hood. 

A  1-1.  three-necked  flask  equipped  with  stirrer,  thermometer, 
dropping  funnel,  and  gas-outlet  tube  is  charged  with  470  g.  (255 
ml.,  4.8  moles)  of  96%  sulfuric  acid  (Note  1),  100  ml.  of  carbon 
tetrachloride  (Note  2),  and  13.6  g.  (0.100  mole)  of  adamantane.2 
The  well-stirred  mixture  is  cooled  to  17-19°  in  an  ice  bath,  and 
1  ml.  of  98%  formic  acid  is  added.  Then  a  solution  of  29.6  g. 
(38  ml.,  0.40  mole)  of  i-butyl  alcohol  in  55  g.  (1.2  moles)  of  98- 
100%  formic  acid  is  added  drop  wise;  the  rate  of  addition  and 
the  cooling  are  regulated  so  that  the  addition  requires  1-2  hours, 
and  the  temperature  of  the  reaction  mixture  is  kept  at  17-25°. 
The  reaction  mixture  is  stirred  for  an  additional  30  minutes  and 
poured  onto  700  g.  of  crushed  ice.  The  layers  are  separated,  and 
the  upper,  acid  layer  is  extracted  with  three  100-ml.  portions  of 
carbon  tetrachloride. 

The  combined  carbon  tetrachloride  layers  are  shaken  with  110 
ml.  of  15A  ammonium  hydroxide  (Note  3),  and  the  crystalline 
ammonium  1-adamantanecarboxylate  that  separates  is  collected 
on  a  Buchner  funnel  having  a  coarse  fritted  disk.  The  salt  is 
washed  with  20  ml.  of  cold  acetone  and  suspended  in  250  ml.  of 
water.  The  suspension  is  made  strongly  acidic  with  25  ml.  of 
12 N  hydrochloric  acid  and  extracted  with  100  ml.  of  chloroform. 
The  chloroform  layer  is  dried  over  anhydrous  sodium  sulfate  and 
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evaporated  to  dryness  on  a  steam  bath  (Note  4).  The  residue  is 
crude  1-adamantanecarboxylic  acid;  weight  12-13  g.  (67-72%) 
(Note  5);  m.p.  173-174°.  Recrystallization  of  this  product  from 
a  mixture  of  30  ml.  of  methanol  and  about  10  ml.  of  water  gives 
10-11  g.  (56-61%)  of  pure  acid,  m.p.  175-176.5°  (Note  6). 

2.  Notes 

1.  Acid  concentrations  of  95-98%  are  satisfactory.  The  yield 
falls  with  concentrations  lower  than  95%. 

2.  Cyclohexane  or  w-hexane  can  be  used  in  place  of  carbon 
tetrachloride.  Technical  “normal  hexane”  may  contain  sub¬ 
stantial  amounts  of  methylcyclopentane  and  isohexane  that  lower 
the  yield  through  formation  of  C7-acids  that  are  hard  to  remove. 

3.  A  large  amount  of  trimethylacetic  acid  and  a  small  amount 
of  at  least  one  Cg-acid  and  one  Ci3-acid  are  formed  from  the 
/-butyl  alcohol.  The  treatment  with  ammonia  separates  1-ada¬ 
mantanecarboxylic  acid  from  these  acids,  the  ammonium  salts  of 
which  remain  in  solution. 

4.  Acid  that  is  satisfactory  for  most  purposes  may  be  obtained 
by  interrupting  the  evaporation  of  the  chloroform  solution  when 
crystals  start  to  appear,  cooling  the  concentrated  chloroform 
solution  to  0-5°,  and  collecting  the  acid  on  a  Buchner  funnel. 
The  acid  melts  at  173-174°. 

5.  The  checkers  obtained  similar  yields  when  the  quantity  of 
reactants  was  increased  fivefold. 

6.  As  an  alternative  purification  procedure,  the  checkers  have 
esterified  the  crude  acid  by  refluxing  it  for  2  hours  with  three 
times  its  weight  of  methanol  and  2  ml.  of  98%  sulfuric  acid. 
The  solution  is  poured  into  10  volumes  of  water  and  extracted 
with  the  minimum  amount  of  chloroform  required  to  give  a  clean 
separation  of  layers.  The  chloroform  solution  is  washed  with 
water,  dried  over  calcium  chloride,  and  distilled  from  a  Claisen 
flask  with  an  indented  neck.  Methyl  1-adamantanecarboxylate 
is  collected  at  77—79°  (1  mm.);  m.p.  38—39°.  Hydrolysis  of  the 
ester  with  the  calculated  amount  of  1A  potassium  hydroxide 
followed  by  acidification  yields  1-adamantanecarboxylic  acid; 
m.p.  175-176.5°;  90%  overall  recovery. 
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3.  Methods  of  Preparation 

1-Adamantanecarboxylic  acid  can  be  prepared  by  carboxyla- 
tion  of  1-adamantanol 3  or  1-bromoadamantane 3,4  by  formic 
acid  and  96%  sulfuric  acid;  by  carboxylation  of  adamantane  by 
formic  acid,  ^utyl  alcohol,  and  96%  sulfuric  acid; 6  and  by 
carboxylation  of  adamantane  by  formic  acid  and  130%  sulfuric 
acid.6 


4.  Merits  of  the  Preparation 

This  procedure  illustrates  a  general  method  of  carboxylating 
saturated  hydrocarbons  that  have  a  tertiary  hydrogen.7  It  has 
been  used  to  convert  isopentane  to  2,2-dimethylbutanoic  acid, 
2,3-dimethylbutane  to  2,2,3-trimethylbutanoic  acid,  and  methyl- 
cyclohexane  to  1-methylcyclohexanecarboxylic  acid. 

1-Adamantanecarboxylic  acid  has  been  used  to  prepare  many 
other  derivatives  of  adamantane.8 

1.  Max-Planck  Institute  fur  Kohlenforschung,  Miilheim-Ruhr,  Germany. 

2.  P.  R.  Schleyer,  M.  M.  Donaldson,  R.  D.  Nicholas,  and  C.  Cupas,  Org.  Syn¬ 
theses,  42,  8  (1962). 

3.  H.  Stetter,  M.  Schwarz,  and  A.  Hirschhom,  Ber.,  92,  1629  (1959). 

4.  H.  Stetter  and  E.  Rauscher,  Ber.,  93,  1161  (1960). 

5.  H.  Koch  and  W.  Haaf,  Angew.  Chem.,  72,  628  (1960). 

6.  C.  Wulff,  Doctoral  Thesis,  Technische  Hochschule,  Aachen,  Germany,  “Uber 
Substitution-reaktionen  des  Adamantans,”  September,  1961,  p.  65. 

7.  W.  Haaf  and  H.  Koch,  Ann.,  638,  122  (1960). 

8.  H.  Stetter,  Angew.  Chem.,  74,  361  (1962). 
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o-ANISALDEHYDE 


CHO 


OH 

I 

CH 


/ 


OCH, 


N(CH3)2 


Submitted  by  A.  J.  Sisti  1 

Checked  by  G.  L.  Walford  and  Peter  Yates 


1.  Procedure 

A.  4-Dimethylamino-2' -methoxybenzhydrol.  An  ethereal  solu¬ 
tion  of  o-methoxyphenylmagnesium  bromide  is  prepared  in  the 
usual  manner 2  with  250  ml.  of  anhydrous  ether,  14.5  g.  (0.60  g. 
atom)  of  magnesium,  and  100  g.  (0.53  mole)  of  o-bromoanisole 
(Note  1).  A  solution  of  60  g.  (0.40  mole)  of  />-dimethylamino- 
benzaldehyde  (Note  2)  in  200  ml.  of  anhydrous  benzene  is  added 
dropwise  to  the  Grignard  reagent  (Note  3).  After  the  addition 
is  completed,  the  reaction  mixture  is  stirred  for  10  hours  at  room 
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temperature.  The  magnesium  complex,  which  forms  a  very 
thick  suspension,  is  decomposed  with  a  solution  of  75  g.  of  am¬ 
monium  chloride  in  450  ml.  of  water.  The  ether-benzene  layer 
is  separated,  washed  with  100  ml.  of  water,  and  dried  over  cal¬ 
cium  sulfate  (Note  4).  The  solvent  is  removed  under  reduced 
pressure,  and  the  residue  is  induced  to  crystallize  by  trituration 
with  a  little  petroleum  ether  (30-60°).  Recrystallization  of  the 
solid  from  benzene-petroleum  ether  (30-60°)  gives  4-dimethyl- 
amino-2'-methoxybenzhydrol  (59-60  g.,  57-58%),  m.p.  75-80°. 

B.  o-Anis aldehyde.  In  a  3-1.  three-necked  flask  fitted  with  a 
mechanical  stirrer  and  a  nitrogen  inlet  tube  are  placed  60  g. 
(0.35  mole)  of  sulfanilic  acid  (Note  5),  18  g.  (0.17  mole)  of  anhy¬ 
drous  sodium  carbonate,  and  400  ml.  of  water.  Stirring  is  started, 
and  the  resulting  solution  is  cooled  to  0-5°  in  an  ice  bath.  Ni¬ 
trogen  is  passed  into  the  reaction  flask,  and  a  nitrogen  atmos¬ 
phere  is  maintained  throughout  the  reaction.  To  the  cooled 
solution  is  added  three-quarters  of  a  solution  of  24.2  g.  (0.35 
mole)  of  sodium  nitrite  in  75  ml.  of  water,  followed  by  32  ml. 
of  concentrated  hydrochloric  acid.  During  the  diazotization 
the  temperature  of  the  solution  is  maintained  below  5°  by  the 
addition  of  ice  in  small  pieces.  After  a  few  minutes  another 
32  ml.  of  acid  is  added.  Further  additions  of  the  sodium  nitrite 
solution  are  made  slowly  until  a  positive  test  for  excess  nitrous 
acid  is  observed  (Note  6).  The  diazonium  solution  is  buffered 
to  pH  ~6  by  the  addition  of  a  cooled  solution  of  50  g.  of  sodium 
acetate  in  125  ml.  of  water.  A  solution  of  52  g.  (0.20  mole)  of 
4-dimethylamino-2'-methoxybenzhydrol  in  500  ml.  of  acetone  is 
added  rapidly,  followed  by  an  additional  500  ml.  of  acetone.  The 
reaction  mixture  becomes  red  almost  immediately,  and  stirring 
is  continued  for  30  minutes  at  0-5°.  The  cooling  bath  is  replaced 
by  a  warm  water  bath  (50-60°),  and  stirring  is  continued  for  an 
additional  30  minutes.  The  reaction  mixture  is  diluted  with  an 
equal  volume  of  water  and  extracted  with  three  750-ml.  portions 
of  ether.  The  combined  ethereal  extracts  are  washed  with  water 
until  all  the  dissolved  methyl  orange  is  removed,  then  dried  over 
calcium  sulfate.  The  ether  is  removed  under  reduced  pressure, 
and  the  residue  is  distilled  to  yield  19-20.5  g.  (69-75%)  of  color¬ 
less  liquid,  b.p.  79-80°  (1.5  mm.),  n25 d  1.5586  (Note  7). 
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2.  Notes 

1.  o-Bromoanisole  obtained  from  Eastman  Kodak  Company 
was  used  without  further  purification. 

2.  A  good  commercial  grade  (Matheson,  Coleman  and  Bell) 
of  ^-dimethylaminobenzaldehyde  was  used  without  further 
purification. 

3.  In  one  run  the  checkers  cooled  the  reaction  mixture  in  an 
ice  bath  throughout  the  addition.  In  another  run  only  initial 
cooling  was  used.  There  was  no  difference  in  yield. 

4.  The  checkers  found  that  separation  of  the  aqueous  and 
organic  phases  is  very  difficult  if  the  mixture  is  shaken.  In  one 
run  shaking  and  washing  were  omitted  without  affecting  the 
yield  or  purity  of  the  product. 

5.  Eastman  white  label  sulfanilic  acid  was  used  without 
purification. 

6.  Excess  nitrous  acid  causes  an  immediate  blue  color  at  the 
point  of  contact  with  starch-iodide  test  paper.  At  all  times 
there  must  be  an  excess  of  mineral  acid  (Congo  red  test  paper). 

7.  The  submitters  found  for  the  2,4-dinitrophenylhydrazone 
m.p.  252—254°  (lit.2  m.p.  249-250°).  The  checkers  found  m.p. 
34-36°  for  o-anisaldehyde  (lit.8  m.p.  37°)  and  m.p.  249-251°  for 
the  2,4-dinitrophenylhydrazone. 

3.  Methods  and  Merits  of  Preparation 

o-Anisaldehyde  is  commercially  available.  However,  this 
procedure  illustrates  a  method  of  general  applicability  4,8  for  the 
preparation  of  aromatic,  aliphatic,  and  unsaturated  aldehydes. 

1.  Department  of  Chemistry,  Adelphi  College,  Garden  City,  Long  Island,  New 

York. 

2.  E.  K.  Harvill  and  R.  M.  Herbst,  J.  Org.  Chem.,  9,  21  (1944). 

3.  F.  B.  Gamer  and  S.  Sugden,  J.  Chem.  Soc.,  2877  (1927). 

4.  M.  Stiles  and  A.  J.  Sisti,  J.  Org.  Chem.,  25,  1691  (I960). 

5.  A.  Sisti,  J.  Burgmaster,  and  M.  Fudim,  J.  Org.  Chem.,  27,  279  (1962). 
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N-(2-B  ROM  O  ALL  YL)ETHYL  AMINE 

(Allylamine,  2-bromo-N-ethyi-) 

CH2=CCH2Br  +  2C2H6NH2  -► 

+ 

CH2=CCH2NHC2H5  +  C2H5NH3  Br" 
Br 

Submitted  by  Albert  T.  Bottini  and  Robert  E.  Olsen  1 

Checked  by  Thomas  H.  Lowry  and  E.  J.  Corey 

1.  Procedure 

Caution!  This  preparation  should  he  carried  out  in  a  hood  to 
avoid  exposure  to  ethylamine,  2,3-dibromopropene,  and  the  product. 
2,3-Dibromopropene  is  a  strong  lachrymator .  The  operator  should 
wear  rubber  gloves  and  protective  goggles  because  some  2-haloallyl- 
amines  have  caused  severe  skin  and  eye  irritation. 

A  1-1.  three-necked  flask  is  fitted  with  a  sealed  mechanical 
stirrer,  a  dropping  funnel,  and  a  dry  ice  condenser  charged  with 
an  ice-salt  mixture  (Note  1).  Three  hundred  milliliters  (240  g., 
3.7  moles)  of  aqueous  70%  ethylamine  solution  (Note  2)  is  placed 
in  the  flask,  the  stirrer  is  started,  and  200  g.  (1.00  mole)  of  2,3- 
dibromopropene  (Note  3)  is  added  dropwise  over  a  period  of  1 
hour.  After  the  addition  is  complete,  the  reaction  mixture  is 
stirred  for  3  hours.  Ether  (300  ml.)  is  added,  and  the  mixture  is 
cooled  in  an  ice  bath.  Sodium  hydroxide  (100  g.)  is  added  with 
stirring  and  cooling.  The  cold  mixture  is  transferred  to  a  separa¬ 
tory  funnel,  and  the  phases  are  separated.  The  organic  layer  is 
dried  in  two  stages  over  25-g.  portions  of  sodium  hydroxide.  The 
organic  layer  and  the  small  amount  of  water  that  separates  dur¬ 
ing  the  second  stage  of  drying  are  decanted  into  a  separatory 
funnel,  and  the  phases  are  separated.  Most  of  the  ether  and  un¬ 
reacted  ethylamine  are  removed  from  the  organic  layer  by  distil¬ 
lation  through  a  250-mm.  x  13-mm.  column  packed  with  glass 
helices,  and  the  residue  is  distilled  through  the  same  column  at 
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reduced  pressure  under  nitrogen  to  give  115-128  g.  (70-78%)  of 
N-(2-bromoallyl)ethylamine;  b.p.  53-55°  (27  mm.),  79-81°  (75 
mm.)  (Note  4);  n25D  1.4765-1.4770. 

2.  Notes 

1.  The  checkers  used  an  inner-spiral  water  condenser.  The 
cooling  water  was  chilled  to  about  0°  by  prior  passage  through  a 
short  copper  coil  immersed  in  ice. 

2.  The  aqueous  70%  ethylamine  solution  used  was  the  prac¬ 
tical  grade  obtained  from  Eastman  Organic  Chemicals. 

3.  The  2,3-dibromopropene  used  was  obtained  from  Columbia 
Organic  Chemicals  Co.,  Columbia,  South  Carolina,  and  was  re¬ 
distilled  before  use.  The  preparation  of  2,3-dibromopropene  is 
described  in  an  earlier  volume  of  this  series.2 

4.  The  reported  boiling  point  of  N-(2-bromoallyl)ethylamine 
is  148-153°.*  It  is  strongly  recommended  that  the  product  and 
other  2-haloallylamines  be  distilled  at  reduced  pressure  under 
nitrogen,  for  the  submitters  have  noted  two  instances  when  a 
2-haloallylamine  polymerized  with  considerable  evolution  of  heat 
during  slow  distillation  at  atmospheric  pressure. 

3.  Methods  of  Preparation 

This  method  is  essentially  that  described  by  Pollard  and  Par- 
cell.3  No  other  procedure  appears  to  have  been  used  to  prepare 
N-(2-bromoallyl) ethylamine.  A  number  of  N-(2-haloallyl) alkyl- 
amines  have  been  prepared  by  treatment  of  a  2,3-dihalopropene 
with  a  primary  alkylamine  in  water,3-4  ether,3-4  or  benzene.5 

4.  Merits  of  the  Preparation 

The  method  described  here  has  been  used  for  the  preparation 
of  a  number  of  N-(2-haloallyl)alkylamines  from  a  water-soluble 
amine  and  the  corresponding  2,3-dihalopropene.3-4 

Treatment  of  an  N-(2-bromoallyl)  alkylamine  with  sodium 
amide  in  liquid  ammonia  yields  the  N-alkylallenimine  together 
with  a  small  amount  of  the  N-alkylpropargylamine.3*7  Similar 
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treatment  of  an  N-(2-chloroallyl)alkylamine  yields  only  the 
N-alkylpropargylamine.4' 6 

1.  Department  of  Chemistry,  University  of  California,  Davis,  California. 

2.  R.  Lespieau  and  M.  Bourguel,  Org.  Syntheses ,  Coll.  Vol.  1,  209  (1941). 

3.  C.  B.  Pollard  and  R.  F.  Parcel],  J.  Am.  Chem.  Soc.,  73,  2925  (1951). 

4.  A.  T.  Bottini,  B.  J.  King,  and  R.  E.  Olsen,  /.  Org.  Chem.,  28,  3241  (1963). 

5.  J.  V.  Braun,  M.  Kuhn,  and  J.  Weismantel,  Ann.,  449,  254  (1926). 

6.  A.  T.  Bottini  and  J.  D.  Roberts,  J.  Am.  Chem.  Soc.,  79,  1462  (1957). 

7.  A.  T.  Bottini  and  R.  E.  Olsen,  this  volume,  p.  53. 


3-BROMOTHIOPHENE 


(Thiophene,  3-bromo-) 


+  2CH3C02H 


ZnBr2  +  (CH3C02)2Zn 


Submitted  by  S.  Gronowitz  and  T.  Raznikiewicz  1 

Checked  by  Max  Tishler,  Arthur  J.  Zambito,  and  Ronald  B.  Jobson 


1.  Procedure 

A  5-1.,  three-necked,  round-bottomed  flask  is  equipped  with  an 
efficient  stirrer  (Note  1),  a  reflux  condenser,  and  a  dropping  fun¬ 
nel.  Water  (1850  ml.)  is  added,  stirring  is  begun  and  continued 
throughout  the  procedure,  and  783  g.  (12.0  moles)  of  zinc  dust 
(Note  2)  and  700  ml.  of  acetic  acid  are  added.  The  mixture  is 
heated  to  reflux,  the  heating  mantle  is  removed,  and  1283  g. 
(4.00  moles)  of  2,3,5-tribromothiophene  (Note  3)  is  added  drop- 
wise  at  such  a  rate  that  the  mixture  continues  to  reflux.  The  ad¬ 
dition  is  complete  in  about  70  minutes.  Heat  is  applied,  and  the 
mixture  is  refluxed  for  3  hours.  A  condenser  is  arranged  for  down¬ 
ward  distillation,  and  the  mixture  is  distilled  until  no  more  or- 
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ganic  substance  distills  with  the  water  (Note  4).  The  heavier 
organic  layer  is  separated,  washed  successively  with  50  ml.  of 
10%  sodium  carbonate  solution  and  100  ml.  of  water,  dried  over 
calcium  chloride  (Note  5),  and  fractionated  through  a  vacuum- 
mantled  Dufton  column  (Note  6).  A  19-g.  fore-run,  b.p.  78-159°, 
consists  mainly  of  thiophene  and  3-bromothiophene.  3-Bromo- 
thiophene  is  collected  at  159-160°;  n20 d  1.5919-1.5928;  weight 
580-585  g.  (89-90%)  (Notes  7  and  8). 

2.  Notes 

1.  The  submitters  used  a  Teflon®  paddle- type  stirrer  sealed 
with  rubber  tubing  lubricated  by  glycerol  and  driven  by  a  power¬ 
ful  motor.  The  checkers  used  a  Trubore®  stirrer. 

2.  Mallinckrodt  zinc  powder  (analytical  reagent  grade)  is 
used. 

3.  2,3,5-Tribromothiophene  is  conveniently  prepared  by  the 
method  of  Troyanowsky.2  Thiophene  (1125  g.,  13.4  moles)  and 
450  ml.  of  chloroform  are  charged  into  a  5-1.  three-necked  flask 
equipped  with  a  stirrer,  a  dropping  funnel,  and  an  outlet  for  the 
hydrogen  bromide  evolved.  The  flask  is  in  a  deep  pan  through 
which  cold  tap  water  passes.  Bromine  (6480  g.,  40.6  moles)  is 
added  dropwise  to  the  stirred  mixture  over  a  period  of  10  hours. 
After  the  mixture  has  stood  overnight,  it  is  heated  at  50°  for  sev¬ 
eral  hours,  washed  with  2 N  sodium  hydroxide  solution,  refluxed 
for  7  hours  with  a  solution  of  800  g.  of  potassium  hydroxide  in  1.5 1. 
of  95%  ethanol,  and  poured  into  water.  The  organic  layer  is 
separated,  washed  with  water,  dried  over  calcium  chloride,  and 
fractionated  to  give  3200-3650  g.  (75-85%)  of  2,3,5-tribromo- 
thiophene;  b.p.  123-124°  (9  mm.);  m.p.  25-27°. 

4.  About  half  of  the  volume  is  distilled  over.  The  temperature 
of  the  vapor  rises  during  the  distillation  from  95°  to  101°. 

5.  The  checkers  washed  the  drying  agent  with  ether  and  com¬ 
bined  the  wash  with  the  filtrate. 

6.  A  Dufton  column  was  not  available  to  the  checkers.  In  its 
place  a  2.5-cm.  x  38-cm.  column  packed  with  glass  helices  was 
used.  This  column  was  heated  by  a  4.5-cm.  concentric  glass 
jacket  wrapped  with  Nichrome  ribbon.  A  6.5-cm.  concentric 
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glass  jacket  surrounded  the  whole  column  and  served  to  insulate 
it. 

7.  In  several  experiments  on  one-fifth  the  scale,  the  yields  were 
89-92%. 

8.  Infrared  analysis  shows  that  the  3-bromothiophene  contains 
about  0.5%  of  2-bromothiophene,  as  measured  by  2-bromo- 
thiophene’s  characteristic  absorption  peak  at  10.26  /x.  The  traces 
of  this  lower-boiling  isomer  can  easily  be  removed  by  fractionation 
through  a  more  efficient  column. 

3.  Methods  of  Preparation 

The  procedure  described  is  a  modification  of  that  described 
by  Gronowitz.3  3-Bromothiophene  has  been  obtained  more 
tediously  and  in  lower  yields  by  removal  of  the  a-bromines  of 
2,3,5-tribromothiophene  through  the  Grignard  entrainment 
method 4 5  with  ethyl  bromide  as  the  auxiliary  halide,  or  by 
halogen-metal  interconversion  with  w-butyllithium  6  followed  by 
hydrolysis  of  the  organometallic  compounds.  It  has  also  been 
obtained  from  4,5-dibromo-2-thiophenecarboxylic  acid  through 
simultaneous  debromination  and  decarboxylation.6 

4.  Merits  of  the  Preparation 

3-Bromothiophene  is  a  key  intermediate  for  the  synthesis  of 
3-substituted  thiophenes.7 

1.  Department  of  Organic  Chemistry,  Chemical  Institute,  University  of  Uppsala, 
Sweden. 

2.  C.  Troyanowsky,  Bull.  Soc.  Chim.  France,  1424  (1955). 

3.  S.  Gronowitz,  Acta  Chem.  Scand.,  13,  1045  (1959). 

4.  S.  Gronowitz,  Arkiv  Kemi,  7,  267  (1955). 

5.  S.  O.  Lawesson,  Arkiv  Kemi,  11,  373  (1957). 

6.  R.  Motoyama,  S.  Nishimura,  E.  Imoto,  Y.  Murakami,  K.  Hari,  and  J.  Ogawa, 
Nippon  Kagaku  Zasshi,  78,  950  (1957). 

7.  S.  Gronowitz,  Arkiv  Kemi,  13,  295  (1959). 
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7-f-BUTOXYNORBORNADIENE 


(2,6-Norbomadiene,  7-terf-butoxy-) 


+  C6H6C03C(CH3)3 


CuBr 

Benzene 


OC(CH3)3 


c6h6co2h 


Submitted  by  Paul  R.  Story  and  Susan  R.  Fahrenholtz  1 
Checked  by  Eric  Block  and  E.  J.  Corey 


1.  Procedure 

A  2-1.  three-necked  flask,  fitted  with  stirrer,  condenser,  dropping 
funnel,  and  an  arrangement  for  maintenance  of  an  inert  atmos¬ 
phere,  is  charged  with  a  mixture  of  300  g.  (3.26  moles)  of  nor- 
bornadiene  (Note  1)  and  0.650  g.  (4.53  mmoles)  of  cuprous 
bromide  (Note  2)  in  500  ml.  of  benzene  (Note  3).  Dry  nitrogen 
is  introduced  continuously,  and,  after  the  flask  contents  are 
brought  to  reflux,  245  g.  (1.26  mole)  of  /-butyl  perbenzoate 
(Note  4),  dissolved  in  100  ml.  of  benzene,  is  added  over  approx¬ 
imately  1  hour  to  the  stirred  mixture.  The  solution  immediately 
becomes  blue  or  blue-green.  The  modest  heat  of  reaction  re¬ 
quires  the  application  of  some  heat  throughout  the  reaction 
period  in  order  to  maintain  reflux.  After  the  addition  is  com¬ 
pleted,  the  solution  is  heated  at  the  reflux  temperature  for  an 
additional  30  minutes  ( Caution !  Note  5). 

The  mixture  is  cooled  to  room  temperature,  transferred  to  a 
4-1.  separatory  funnel,  and  washed  with  three  300-ml.  portions 
of  saturated  brine,  to  remove  copper  salts,  and  three  300-ml. 
portions  of  10%  aqueous  sodium  hydroxide,  to  remove  benzoic 
acid  (Note  6).  The  benzene  solution  is  then  washed  with  150  ml. 
of  brine  and  is  dried  over  anhydrous  sodium  sulfate. 

The  dried  solution  is  transferred  to  a  2-1.  flask  fitted  with  a 
Claisen  head  attached  to  a  30-cm.  Vigreux  column.  Benzene  is 
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removed  fairly  rapidly  at  about  200  mm.  so  that  the  benzene 
boils  at  45-50°  (Note  7).  After  removal  of  most  of  the  benzene, 
the  pressure  is  slowly  lowered  to  10—15  mm.;  a  negligible 
amount  of  fore-run  is  obtained  before  the  product  begins  to  distil 
at  about  65°  at  15  mm.  The  product  is  collected  until  the  tem¬ 
perature  reaches  80-85°  at  the  same  pressure  (Note  8).  The 
yield  of  7-/-butoxynorbornadiene  is  42-51  g.  (20-25%,  based  on 
/-butyl  perbenzoate)  (Note  9).  Gas-phase  chromatographic  anal¬ 
ysis  of  the  product  shows  it  to  be  about  95%  pure.  Greater 
purity  can  be  obtained,  if  required,  by  fractionation  through  a 
spinning  band  column;  the  pure  product  is  collected  at  70-72° 
(14  mm.)  (Note  10). 


2.  Notes 

1.  Norbornadiene  as  supplied  by  Shell  Chemical  Co.  is  used 
without  further  purification.  Distillation  of  the  norbornadiene 
immediately  before  use  gives  no  change  in  yield  of  7-/-butoxy- 
norbomadiene. 

2.  The  cuprous  bromide  was  used  as  obtained  from  E.  H.  Sar¬ 
gent  Co.  One  instance  of  an  ineffective  batch  of  cuprous  bromide 
from  another  source  has  been  reported  to  the  submitters.  Cu¬ 
prous  bromide  is  only  slightly  soluble  in  the  benzene  solution. 
Greater  amounts  of  catalyst  have  no  effect  on  the  yield  of  product. 

3.  Baker  and  Adamson  or  Merck  reagent  grade  benzene  was 
used. 

4.  /-Butyl  perbenzoate  was  used  as  received  from  Lucidol 
Division  of  Wallace  and  Tiernan  Co.,  Buffalo,  New  York. 

5.  Normally,  after  this  time,  the  /-butyl  perbenzoate  is  com¬ 
pletely  reacted.  It  is  advisable,  however,  to  check  for  its  pres¬ 
ence  because  distillation  of  a  crude  product  containing  some 
perester  can  lead  to  an  explosion.  /-Butyl  perbenzoate  absorbs 
strongly  in  the  infrared  at  5.65-5.70  /jl ,  and  examination  of  the 
infrared  spectrum  of  the  benzene  solution  is  a  sufficiently  sensi¬ 
tive  test.  No  difficulty  has  ever  been  encountered  during  reac¬ 
tions  with  norbornadiene.  However,  unreacted  /-butyl  perben¬ 
zoate  has  caused  a  minor  explosion  with  another,  less  reactive 
olefin. 
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6.  Unless  the  copper  salts  are  removed  first,  the  basic  wash 
frequently  produces  a  thick  emulsion  which  requires  consider¬ 
able  time  to  settle. 

7.  The  benzene  is  removed  at  reduced  pressure  to  minimize 
heating  of  the  product  which  consists  chiefly  of  high-boiling 
esters.  The  last  trace  of  benzene  and  norbornadiene  is  removed 
at  a  lower  pressure. 

8.  7-/-Butoxynorbornadiene  is  collected  over  this  wide  tem¬ 
perature  range  since  the  last  portion  of  the  distillate  is  super¬ 
heated  because  of  the  large  quantity  of  high-boiling  materials 
remaining  in  the  pot.  No  other  reaction  products  boil  in  the 
same  range,  and  GPC  analysis  has  shown  the  last  fraction  of 
distillate  to  be  nearly  as  pure  as  the  middle  cut. 

9.  This  reaction  has  been  conducted  under  a  variety  of  condi¬ 
tions,  but  the  yield  of  7-/-butoxynorbornadiene  has  never  been 
less  than  20%  or  greater  than  26%. 

10.  Infrared  Ox,  CC14):  6.48  (w),  7.20  (m),  7.35  (s),  7.61  (m), 
9.05  (s),  13.7  (s).  The  absorptions  at  6.48  (double-bond  stretch) 
and  13.7  ( cis  double  bond  C — H  out-of-plane  deformation)  are 
very  characteristic  of  the  norbornadiene  nucleus.  N.m.r.  spec¬ 
trum  (CC14):  r  =  3.56  (m),  3.70  (m),  6.77  (m),  6.38  (m),  8.94  (s). 

3.  Methods  of  Preparation 

The  only  method  reported  2  for  the  preparation  of  7-/-butoxy- 
norbornadiene  is  that  described  here.  The  general  reaction  of 
/-butyl  perbenzoate  with  various  olefins  has  been  described  by 
many  investigators.3  When  benzoyl  peroxide  is  used  in  place  of 
/-butyl  perbenzoate  under  similar  conditions,  7-benzoxynorbor- 
nadiene  is  obtained  in  38%  yield;  it  is  said  to  be  more  easily 
hydrolyzed  to  the  alcohol  than  7-/-butoxynorbomadiene.4 

4.  Merits  of  the  Preparation 

7-/-Butoxy norbornadiene  provides  a  convenient  route  to  7-sub- 
stituted  norbornenes  and  norbornadienes  including  anti- 7-nor- 
bornenol,2  7-norbornadienyl  acetate,2  7-norbornadienol,2  7-chloro- 
norbomadiene,5  7-methylnorbornadiene,®  and  7-phenylnorbor- 
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nadiene.6  These  compounds  are  useful  in  studies  of  the  nature 
of  chemical  bonding.5-7 

1.  Bell  Telephone  Laboratories,  Inc.,  Murray  Hill,  New  Jersey. 

2.  P.  R.  Story,  J.  Org.  Chem.,  26,  287  (1961). 

3.  M.  S.  Kharasch,  G.  Sosnovsky,  and  N.  C.  Yang,  J.  Am.  Chem.  Soc.,  81,  5819 
(1959);  D.  B.  Denney,  D.  Z.  Denney,  and  G.  Feig,  Tetrahedron  Letters,  No.  15, 
19  (1959);  J.  K.  Kochi,  Tetrahedron,  18,  483  (1962). 

4.  H.  Tanida  and  T.  Tsuji,  Chem.  Ind.  {London),  211  (1963). 

5.  P.  R.  Story  and  M.  Saunders,  J.  Am.  Chem.  Soc.,  84,  4876  (1962). 

6.  P.  R.  Story  and  S.  R.  Fahrenholtz,  Unpublished  results. 

7.  S.  Winstein  and  C.  Ordronneau,  J.  Am.  Chem.  Soc.,  82,  2084  (1960). 


{-BUTYL  AZIDOFORMATE 
(Formic  acid,  azido-,  {erObutyl  ester) 

NH2NHC02C(CH3)3  hqno->  N3C02C(CH3)3 

Submitted  by  Loots  A.  Carpino,  Barbara  A.  Carpino, 
Paul  J.  Crowley,  Chester  A.  Giza, 
and  Paul  H.  Terry  1 

Checked  by  Virgil  Boekelheede  and  S.  J.  Cross 


1.  Procedure 

In  a  1-1.  round-bottomed  flask  fitted  with  a  mechanical  stirrer 
are  placed  82  g.  (0.62  mole)  of  {-butyl  carbazate,2  72  g.  of  glacial 
acetic  acid,  and  100  ml.  of  water.  The  solution  is  cooled  in  an 
ice  bath,  and  47.0  g.  (0.68  mole)  of  solid  sodium  nitrite  is  added 
over  a  period  of  40-50  minutes,  the  temperature  being  kept  at 
10-15°  (Note  1).  The  mixture  is  allowed  to  stand  in  the  ice 
bath  for  30  minutes,  100  ml.  of  water  is  added,  and  the  floating 
oil  is  extracted  into  four  40-ml.  portions  of  ether.  The  combined 
ether  extracts  are  washed  twice  with  50-ml.  portions  of  water 
and  with  40-ml.  portions  of  1 M  sodium  bicarbonate  solution  until 
no  longer  acidic  (about  three  washings  are  required).  The  solu¬ 
tion  is  dried  over  magnesium  sulfate,  and  the  ether  is  removed 
by  distillation  from  a  water  bath  maintained  at  40-45°;  water 
aspirator  pressure  of  140—150  mm.  is  used.  The  pressure  is  then 


16 


ORGANIC  SYNTHESES,  VOL.  44 


lowered  to  70  mm.,  and  the  water  bath  temperature  is  raised  to 
90-95°.  The  azide  is  distilled  ( Caution !  Note  2)  using  a  Claisen 
flask  and  is  collected  at  73-74°  (70  mm.),  w24d  1.4227,  after  a 
few  drops  of  fore-run.  The  yield  is  57-72.8  g.  (64-82%)  (Notes 
3  and  4). 


2.  Notes 

1 .  The  sodium  nitrite  may  be  added  as  a  concentrated  aqueous 
solution. 

2.  It  is  recommended  that  the  distillation  be  carried  out 
behind  a  safety  shield.  The  submitters  have  distilled  this  com¬ 
pound  several  hundred  times  without  incident  under  the  condi¬ 
tions  given  on  a  scale  up  to  300-400  g.  per  run.  On  the  other 
hand,  Prof.  P.  G.  Katsoyannis  (University  of  Pittsburgh  School 
of  Medicine,  Pittsburgh,  Pennsylvania)  has  reported  that  an 
explosion  took  place  in  the  receiving  flask  while  the  compound 
was  being  distilled  under  conditions  previously  used  without 
incident.  The  reason  for  the  explosion  could  not  be  traced. 
According  to  Prof.  R.  Schwyzer  (Ciba,  Ltd.,  Basel,  Switzerland) 
tests  at  a  Swiss  Federal  Institute  showed  that  the  compound 
could  not  be  exploded  by  mere  heating:  it  simply  decomposes. 
For  explosion,  one  must  apply  a  primary  explosive  such  as  lead 
azide  or  silver  azide.  An  attempt  by  the  submitters  to  distil 
the  azide  at  atmospheric  pressure  resulted  in  vigorous  carboni¬ 
zation,  but  no  explosion  occurred.  In  view  of  the  potential 
hazard  some  investigators  prefer  not  to  distil  the  azide;  they 
use  the  crude  material  after  removal  of  solvent.  High  yields  of 
carbo-2-butoxy  derivatives  may  be  obtained  in  this  way. 

3.  When  freshly  distilled,  the  azide  is  water-white.  When  the 
azide  is  allowed  to  stand  for  several  weeks,  it  slowly  develops  a 
light  yellow  color;  however,  this  does  not  appear  to  affect  its 
reactivity  as  an  acylating  agent.8 

4.  The  azide  should  be  handled  with  adequate  ventilation. 
Careless  inhalation  of  the  substance  was  accompanied  by  devel¬ 
opment  of  a  painful  throbbing  headache  or  a  sensation  of  giddi¬ 
ness  or  both.  These  effects  disappeared  within  several  hours 
upon  exposure  to  fresh  air. 
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3.  Methods  of  Preparation 

/-Butyl  azidoformate  has  been  prepared  only  from  /-butyl 
carbazate.3-6 


4.  Merits  of  the  Preparation 

/-Butyl  azidoformate  serves  as  a  convenient  reagent  for  the 
acylation  of  amines,  hydrazines,  and  similar  compounds.3  The 
instability  of  /-butyl  chloroformate  makes  /-butyl  azidoformate 
the  reagent  of  choice  for  introducing  the  carbo-/-butoxy  group. 
In  view  of  the  recent  work  on  the  generation  of  nitrenes  from 
azidoformates  and  their  conversion  to  azepines,6-7  it  would  ap¬ 
pear  that  /-butyl  azidoformate  should  be  a  useful  reagent  in  this 
regard  as  well. 

The  acylation  product  of  hydroxylamine,  /-butyl  N-hydroxy- 
carbamate,5  is  a  valuable  intermediate  in  the  synthesis  of  O-sub- 
stituted  hydroxylamines  such  as  O-acyl-  and  O-sulfonylhydroxyl- 
amines,  many  of  which  are  valuable  aminating  agents  and  have 
not  been  obtained  in  any  other  way.8’9 

1.  Department  of  Chemistry,  University  of  Massachusetts,  Amherst,  Massa¬ 
chusetts. 

2.  L.  A.  Carpino,  D.  Collins,  and  S.  Gowecke,  this  volume,  p.  20. 

3.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  79,  4427  (1957). 

4.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  79,  98  (1957). 

5.  L.  A.  Carpino,  C.  A.  Giza,  and  B.  A.  Carpino,  J.  Am.  Chem.  Soc.,  81, 955  (1959). 

6.  K.  Hafner  and  C.  Konig,  Angew.  Chem.,  75,  89  (1963). 

7.  W.  Lwowski,  T.  J.  Maricich,  and  T.  W.  Mattingly,  Jr.,  J.  Am.  Chem.  Soc.,  85, 
1200  (1963). 

8.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  82,  3133  (1960). 

9.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  85,  2144  (1963). 
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/-BUTYL  AZODIFORMATE 
(Formic  acid,  azodi-,  di-/er/-butyl  ester) 


N3C02C(CH3)3  +  NH2NHC02C(CH3)3 


c6h6n 

- 3 

—  HNj 


(CH3)3C02CNHNHC02C(CH3)3  ,(CH2C0)^r> 

(CH3)3C02CN=NC02C(CH3)3 


Submitted  by  Louis  A.  Carpino  and  Paul  J.  Crowley  1 
Checked  by  Virgil  Boekelheide  and  S.  J.  Cross 


1.  Procedure 

A.  t-Butyl  hydrazodiformate.  A  solution  of  28.6  g.  (0.2  mole) 
of  /-butyl  azidoformate  2  and  26.4  g.  (0.2  mole)  of  /-butyl  carba- 
zate  3  in  60  ml.  of  pyridine  (Note  1)  is  allowed  to  stand  at  room 
temperature  for  1  week  and  is  then  diluted  with  500  ml.  of  water. 
The  snow-white  microcrystalline  powder  that  separates  is  re¬ 
moved  by  filtration  and  is  washed  with  two  50-ml.  portions  of 
water.  The  yield  of  air-dried  hydrazide,  m.p.  124-126°,  is 
35.5-37  g.  (77-80%).  The  product  is  pure  enough  for  most 
applications  but  may  be  purified  by  recrystallization  from  a  1:1 
mixture  of  benzene  and  ligroin  (60—90°)  from  which  it  separates 
as  small  white  needles,  m.p.  124-125.5°.  The  recovery  is  92%. 

B.  t-Butyl  azodiformate.  In  a  500-ml.  Erlenmeyer  flask  is 
placed  a  solution  of  23.2  g.  (0.1  mole)  of  crude  /-butyl  hydrazodi¬ 
formate  (m.p.  124—126°)  in  175  ml.  of  methylene  chloride  and 
7.9  g.  (0.1  mole)  of  pyridine  (Note  1).  The  solution  is  cooled  by 
a  stream  of  running  tap  water  while  18.2  g.  (0.102  mole)  (Note  2) 
of  N-bromosuccinimide  (Note  1)  is  added  during  6-7  minutes 
with  swirling.  The  resulting  solution  is  allowed  to  stand  at  room 
temperature  for  5  minutes  and  is  washed  with  two  100-ml.  por¬ 
tions  of  water  followed  by  one  100-ml.  portion  of  10%  sodium 
hydroxide.  The  solution  is  dried  for  30  minutes  over  magnesium 
sulfate,  filtered  into  a  large  evaporating  dish,  and  allowed  to 
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evaporate.  The  yellow-orange  crystalline  residue,  m.p.  90-91.5°, 
which  amounts  to  20.7-21.8  g.  (90-94.5%),  is  recrystallized  by 
covering  the  dry  solid  with  35-40  ml.  of  petroleum  ether  (b.p. 
30-60°)  and  adding  ligroin  (b.p.  60-90°)  to  the  boiling  solution 
until  the  solid  dissolves.  /-Butyl  azodiformate,  19.8-20.0  g., 
m.p.  90.7-92°,  separates  from  the  cooled  solution  as  large  lemon- 
yellow  crystals.  Evaporation  of  the  filtrate  gives  an  additional 
amount  of  yellow  solid  which  is  recrystallized  as  before,  yielding 
0.4-0.7  g.  of  pure  material,  m.p.  90-92°.  The  total  yield  is  20.2- 
20.7  g.  (88-90%). 


2.  Notes 

1.  The  pyridine  was  a  pure  product,  b.p.  113-115°,  obtained 
from  Mallinckrodt  Chemical  Company  and  used  as  supplied. 
The  methylene  chloride  (technical  grade)  and  N-bromosuccin- 
imide  (practical  grade)  were  obtained  from  the  Matheson  Com¬ 
pany  and  used  as  received. 

2.  Unless  a  2%  excess  of  N-bromosuccinimide  is  used,  the  azo 
compound  is  contaminated  by  an  impurity,  possibly  the  original 
hydrazo  compound,  which  separates  along  with  the  desired  prod¬ 
uct  in  the  form  of  long,  easily  distinguished  needles.  The  two 
substances  cannot  be  separated  by  crystallization  from  ligroin. 

3.  Methods  of  Preparation 

/-Butyl  hydrazodiformate  has  been  prepared  by  acylation  of 
/-butyl  carbazate  by  means  of  /-butyl  azidoformate 3  4 *  or  /-butyl 
cyanoformate.6  /-Butyl  azodiformate  has  been  prepared  only  by 
oxidation  of  the  hydrazo  compound.6 

4.  Merits  of  the  Preparation 

The  potassium  salt  of  /-butyl  hydrazodiformate  can  be  easily 

alkylated  and  thus  used  in  the  synthesis  of  acyclic  and  cyclic 

1,2-disubstituted  hydrazines.7 

Ethyl  azodiformate  is  a  well-known  and  useful  dienophile  in 
the  Diels- Alder  reaction.8  /-Butyl  azodiformate  behaves  simi- 
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larly,  although  it  is  somewhat  less  reactive.6  /-Butyl  azodifor¬ 
mate  does,  however,  provide  products  with  ester  groups  that  are 
easily  cleaved.  Monosubstituted  hydrazines  may  be  prepared 
by  the  addition  of  Grignard  reagents  to  azoformates  followed  by 
cleavage.6 

1.  Department  of  Chemistry,  University  of  Massachusetts,  Amherst,  Massachu¬ 
setts. 

2.  L.  A.  Carpino,  B.  A.  Carpino,  P.  J.  Crowley,  C.  A.  Giza,  and  P.  H.  Terry,  this 
volume,  p.  15. 

3.  L.  A.  Carpino,  D.  Collins,  S.  Gowecke,  J.  Mayo,  S.  D.  Thatte,  and  F.  Tibbetts, 
this  volume,  p.  20. 

4.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  79,  4427  (1957). 

5.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  82,  2725  (1960). 

6.  L.  A.  Carpino,  P.  H.  Terry,  and  P.  J.  Crowley,  J.  Org.  Chem.,  26,  4336  (1961). 

7.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  85,  2144  (1963). 

8.  0.  Diels,  J.  H.  Blom,  and  W.  Roll,  Ann.,  443,  242  (1925). 


/-BUTYL  CARBAZATE 
(Carbazic  acid,  /er/-butyl  ester) 

Method  I 

CHgSCOCl  +  (CH3)3COH 

CH3SC02C(CH3)3  -nh*nh*>  NH2NHC02C(CH3)3 

Submitted  by  Louis  A.  Carpino,  David  Collins,  Siegfried  Gowecke, 
Joe  Mayo,  S.  D.  Thatte,  and  Fred  Tibbetts  1 
Checked  by  Fred  G.  H.  Lee  and  Vergil  Boekelheide 


1.  Procedure 

Caution!  Methyl  chlorothiolformate  has  an  obnoxious  odor.  All 
operations  should  be  conducted  in  a  well-ventilated  hood. 

A.  t-Butyl  S-methylthiolcarbonate.  In  a  5-1.  round-bottomed 
flask,  fitted  with  mechanical  stirrer,  reflux  condenser,  and  drop¬ 
ping  funnel  are  placed  430  ml.  (422  g.,  5.33  moles)  of  pyridine, 
508  ml.  (395  g.,  5.33  moles)  of  /-butyl  alcohol,  and  1.6 1.  of  chloro- 
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form  (Note  1).  The  solution  is  stirred  while  536  g.  (4.85  moles) 
of  methyl  chlorothiolformate  (Note  2)  is  added  drop  wise  over  a 
period  of  30-40  minutes,  and  the  solution  is  then  stirred  and 
heated  at  the  reflux  temperature  for  24  hours.  The  resulting 
solution  is  divided  into  three  equal  portions  of  about  11.,  and 
each  portion  is  washed  in  a  2-1.  separatory  funnel  with  two  500-ml. 
portions  of  water,  three  275-ml.  portions  of  5%  hydrochloric  acid, 
and  finally  with  350  ml.  of  1 M  sodium  bicarbonate  solution.  The 
combined  chloroform  solutions  are  dried  over  anhydrous  magne¬ 
sium  sulfate  for  5  hours,  and  the  solvent  is  removed  by  distilla¬ 
tion  from  a  water  bath  at  atmospheric  pressure  followed  by  the 
use  of  a  water  aspirator.  Distillation  (Note  3)  of  the  residue 
from  a  1-1.  Claisen  flask  by  means  of  a  water  or  oil  bath  gives  419 — 
497  g.  (58-69%)  of  a  colorless  liquid,  b.p.  62-65°  (24  mm.),  n2bD 
1.4525.  This  product  is  sufficiently  pure  for  use  in  the  prepara¬ 
tion  below  but  may  be  purified  by  distillation  through  a  30-cm. 
helices-packed  column  which  gives  375 — 447  g.  (52-62%)  of  the 
ester,  b.p.  60-63°  (24  mm.). 

B.  t-Butyl  carbazate.  In  a  2-1.  round-bottomed  flask  set  up  in 
a  hood  and  fitted  with  an  efficient  mechanical  stirrer  and  a  reflux 
condenser  are  placed  500  g.  (3.47  moles)  of  /-butyl  S-methyl- 
thiolcarbonate  and  186  g.  (3.71  moles)  of  64%  hydrazine  solution 
(Note  4).  The  contents  of  the  flask  are  heated  in  an  oil  bath  at 
105-110°  (external  temperature)  with  mechanical  stirring  for  24 
hours  under  a  reflux  condenser.  The  resulting  mixture  is  diluted 
with  650  ml.  of  methylene  dichloride,  and  anhydrous  magnesium 
sulfate  is  added  until  the  aqueous  layer  becomes  nearly  solid  and 
nonflowing.  The  upper  layer  is  decanted  and  dried  over  fresh 
anhydrous  magnesium  sulfate  and  the  solvent  removed  by  dis¬ 
tillation  from  a  water  bath,  the  last  portions  being  removed  with 
the  aid  of  a  water  aspirator.  The  residual  liquid  solidifies  on 
cooling  and  stirring  to  give  322-385  g.  (72-86%)  of  a  snow-white 
solid,  m.p.  37-^0°.  This  product  is  pure  enough  for  most  pur¬ 
poses  but  can  be  purified  by  distillation,  a  1-1.  Claisen  flask  with 
a  water  or  oil  bath  at  80°  being  used.  After  1  or  2  drops  of  fore¬ 
run  the  carbazate  is  collected  at  55-57°  (0.4  mm.).  The  oil  solid¬ 
ifies  on  cooling  to  give  312-358  g.  (70-80%)  of  snow-white  crys¬ 
talline  solid,  m.p.  40-42°  (Note  5). 


22 


ORGANIC  SYNTHESES,  VOL.  44 


2.  Notes 

1.  The  pyridine  was  a  pure  product,  b.p.  113—115°,  obtained 
from  the  Mallinckrodt  Chemical  Company.  /-Butyl  alcohol,  m.p. 
24.5-25.5°,  and  chloroform  (u.s.p.  or  reagent  grade)  were  ob¬ 
tained  from  the  Matheson  Company.  All  reagents  were  used  as 
supplied. 

2.  The  methyl  chlorothiolformate,  b.p.  110-111°,  was  used  as 
supplied  by  the  Stauffer  Chemical  Company. 

3.  This  distillation  is  accompanied  by  foaming  which  is  very 
difficult  to  prevent.  The  checkers  recommend  carrying  out  the 
distillation  in  two  separate  batches  to  allow  greater  free  space  in 
the  distillation  flask. 

4.  Hydrazine  hydrate  (64%  hydrazine)  was  used  as  supplied 
by  the  Fairmount  Chemical  Company. 

5.  Further  purification  can  be  effected  by  recrystallization 
with  90%  recovery  from  a  50-50  mixture  of  low-  (b.p.  30-60°) 
and  high-boiling  (b.p.  60-70°)  ligroin.  This  procedure  gives 
white  needles,  m.p.  41-42°. 


Method  II 

C6H5OCOCl  +  (CH3)3COH  CaH?N  > 

NH2NH9 

C6H50C02C(CH3)3  — ^—4  NH2NHC02C(CH3)3 

Submitted  by  Louis  A.  Carpino,  Barbara  A.  Carpino,  Chester  A.  Giza, 
Robert  W.  Murray,  Arthur  A.  Santilli,  and  Paul  H.  Terry  1 
Checked  by  Virgil  Boekelheide  and  S.  J.  Cross 

1.  Procedure 

A.  t-Butyl  phenyl  carbonate.  In  a  2-1.  round-bottomed  flask 
fitted  with  thermometer,  dropping  funnel,  and  mechanical  stirrer 
are  placed  248  g.  (3.35  moles)  of  /-butyl  alcohol,  430  g.  (3.33 
moles)  of  quinoline,  and  500  ml.  of  methylene  dichloride  (Note  1). 
The  solution  is  stirred  while  520  g.  (3.32  moles)  of  phenyl  chloro- 
formate  (Note  2)  is  added  dropwise  over  a  period  of  4  hours. 
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During  the  addition  the  temperature  is  maintained  at  28-31° 
(Note  3)  by  cooling  the  flask,  as  needed,  by  a  stream  of  tap  water. 
The  solution  is  allowed  to  stand  overnight  and  is  then  treated 
with  800  ml.  of  water  to  dissolve  the  precipitated  quinoline  hy¬ 
drochloride  (Note  4).  The  mixture  is  shaken  well  in  a  separatory 
funnel;  the  organic  layer  is  separated  and  washed  with  two  200- 
ml.  portions  of  water  and  three  or  four  200-ml.  portions  of  5% 
hydrochloric  acid.  After  the  extract  has  dried  over  anhydrous 
magnesium  sulfate  for  5  hours,  the  solvent  is  removed  by  distilla¬ 
tion,  a  water  aspirator  being  used  to  remove  the  last  portions  of 
the  methylene  dichloride.  Distillation  of  the  residue  from  a  1-1. 
Claisen  flask  by  means  of  an  air  bath  maintained  at  125-135° 
gives  460-495  g.  (71-76%)  (Note  5)  of  a  colorless  oil,  b.p.  74-78° 
(0.5  mm.),  n2i d  1.4832.  This  product  is  sufficiently  pure  for  use 
in  the  preparation  below. 

B.  t-Bulyl  carbazate.  In  a  1-1.  Erlenmeyer  flask  are  placed 
388.4  g.  (2.0  moles)  of  phenyl  /-butyl  carbonate  and  120.2  g. 
(2.4  moles)  of  a  64%  hydrazine  solution  (Note  6).  The  mixture 
is  swirled  by  hand  and  heated  on  a  hot  plate.  When  the  internal 
temperature  reaches  75—80°,  it  then  rises  rapidly  and  spontane¬ 
ously  to  104-110°,  the  two  layers  forming  a  clear  solution.  The 
solution  is  allowed  to  cool  overnight.  The  mixture  is  then  diluted 
with  500  ml.  of  ether  and  transferred  to  a  separatory  funnel  in 
which  it  is  shaken  vigorously  for  about  10  minutes  with  a  solution 
prepared  from  160  g.  (4.0  moles)  of  sodium  hydroxide  and  1.2  1. 
of  water.  The  resulting  two  layers  are  placed  in  a  2-1.  continuous 
extractor  and  extracted  for  48  hours  with  ether.  The  ether  solu¬ 
tion  is  dried  over  magnesium  sulfate,  and  the  ether  is  removed  by 
distillation  from  a  water  bath.  The  last  portions  of  ether  are  re¬ 
moved  with  the  aid  of  a  water  aspirator.  The  residual  oil  is  then 
distilled  using  a  Claisen  flask  with  an  air  bath  maintained  at 
1 15-125°.  After  1  or  2  drops  of  fore-run  the  carbazate  is  collected 
at  61-65°  (1.2  mm.),  n2i d  1.4518.  The  yield  is  235-256  g.  (89- 
97%)  (Note  7). 

2.  Notes 

1.  The  /-butyl  alcohol  and  methylene  dichloride  were  used 
directly  as  received  from  the  Matheson  Company.  The  quinoline 
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was  a  practical  grade  material  (Eastman  Kodak  Company) 
which  was  redistilled  [b.p.  100-102°  (25  mm.)]. 

2.  Phenyl  chloroformate  was  prepared  by  the  method  of  Strain 
et  al .,2  except  that  methylene  dichloride  or  chloroform  was  used 
in  place  of  benzene  as  the  solvent.  The  yield  was  85—95%  [b.p. 
74-76°  (15  mm.),  w24d  1.5125].  The  checkers  used  commercial 
phenyl  chloroformate  (Eastman  Kodak). 

3.  The  reaction  may  be  run  without  cooling  by  adding  the  acid 
chloride  at  a  rate  to  maintain  the  temperature  at  39^3°.  On  the 
scale  indicated  this  requires  about  5  hours.  The  yield  is  substan¬ 
tially  the  same,  although  more  high-boiling  material  is  formed. 

4.  Occasionally  the  quinoline  hydrochloride  does  not  separate; 
this  does  not  affect  the  yield,  however.  If  it  is  desired  to  recover 
the  quinoline,  the  salt  may  be  filtered  at  this  point,  dissolved  in 
water,  and  converted  to  the  free  base. 

5.  The  carbonate  decomposes  on  attempted  distillation  of  large 
amounts  at  water  aspirator  pressure  (20-25  mm.). 

6.  Hydrazine  hydrate  (64%  hydrazine)  was  used  as  supplied 
by  the  Olin-Mathieson  Company. 

7.  The  carbazate  is  sufficiently  pure  for  most  applications  and 
is  conveniently  handled  as  a  liquid.  When  the  product  is  cooled 
in  an  ice  box,  it  crystallizes  as  a  waxy  mass;  such  samples  remain 
tacky  after  several  recrystallizations  from  petroleum  ether,  how¬ 
ever.  A  pure  sample  may  be  obtained  by  extracting  an  ether 
solution  of  the  carbazate  with  dilute  sodium  hydroxide  to  remove 
any  phenol,  followed  by  distillation  and  recrystallization  of  the 
product  from  petroleum  ether  (b.p.  30-60°).  White  needles  are 
obtained  which  melt  at  41-42°. 

3.  Methods  of  Preparation 

/-Butyl  S-methylthiolcarbonate  has  been  prepared  from  sodium 
/-butoxide,  carbonyl  sulfide,  and  methyl  iodide  3  and  from  methyl 
chlorothiolformate  and  /-butyl  alcohol.4  /-Butyl  phenyl  carbon¬ 
ate  has  been  prepared  from  phenyl  chloroformate  and  /-butyl 
alcohol.6’ 6 

/-Butyl  carbazate  has  been  prepared  by  reaction  of  hydrazine 
with  /-butyl  phenyl  carbonate,6- 6  /-butyl  S-methylthiolcarbonate,3 
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/-butyl-^-nitrophenyl  carbonate,7  and  N-/-butyloxycarbonyl- 
imidazole.8 

4.  Merits  of  the  Preparation 

Method  I  is  easily  adapted  to  larger-scale  operation  and  pro¬ 
vides  a  product  which  crystallizes  readily.  Method  II  provides 
a  product  which  is  difficult  to  crystallize;  however,  the  procedure 
obviates  the  use  of  methyl  chlorothiolformate  and  affords  higher 
yields  of  product. 

/-Butyl  carbazate  is  a  useful  reagent  for  preparing  1,1-disubsti- 
tuted  hydrazines.6  In  turn,  the  1,1-disubstituted  hydrazines  can 
undergo  an  elimination  of  nitrogen  followed  by  radical  coupling 
of  the  two  substituent  groups.  This  reaction  is  promoted  either 
by  direct  oxidation  of  the  1,1-disubstituted  hydrazine 9-11  or  by 
base-catalyzed  elimination  of  benzenesulfinic  acid  from  the  cor¬ 
responding  benzenesulfonhydrazide. 6  For  example,  1,1-dibenzyl- 
2-benzenesulfonhydrazide  is  converted  to  bibenzyl  in  85%  yield. 

/-Butyl  carbazate  is  also  a  key  intermediate  in  the  synthesis  of 
/-butyl  azidoformate,5-6'12  /-butyl  hydrazodiformate,6  /-butyl  azo¬ 
diformate,13  and  /-butyl  N-hydroxycarbamate,12’14  all  of  which 
are  valuable  synthetic  intermediates. 

1.  Department  of  Chemistry,  University  of  Massachusetts,  Amherst,  Massa¬ 
chusetts. 

2.  F.  Strain,  W.  E.  Bissinger,  W.  R.  Dial,  H.  Rudoff,  B.  J.  DeWitt,  H.  C.  Stevens, 
and  J.  H.  Langston,  J .  Am.  Chem.  Soc.,  72,  1254  (1950). 

3.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  82,  2725  (1960). 

4.  L.  A.  Carpino,  J.  Org.  Chem.,  28,  1909  (1963). 

5.  L.  A.  Carpino,  J .  Am.  Chem.  Soc.,  79,  98  (1957). 

6.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  79,  4427  (1957). 

7.  F.  Eloy  and  C.  Moussebois,  Bull.  Soc.  Chim.  Beiges,  68,  409  (1959). 

8.  W.  Klee  and  M.  Brenner,  Helv.  Chim.  Acta,  44,  2151  (1961). 

9.  C.  G.  Overberger  and  B.  S.  Marks,  J.  Am.  Chem.  Soc.,  77,  4104  (1955). 

10.  M.  Busch  and  B.  Weiss,  Ber.,  33,  2701  (1900). 

11.  C.  G.  Overberger,  J.  G.  Lombardino,  and  R.  G.  Hiskey,  J.  Am.  Chem.  Soc.,  79, 
6430  (1957). 

12.  L.  A.  Carpino,  C.  A.  Giza,  and  B.  A.  Carpino,  J.  Am.  Chem.  Soc.,  81, 955  (1959). 

13.  L.  A.  Carpino,  P.  H.  Terry,  and  P.  J.  Crowley,  J.  Org.  Chem.,  26,  4336  (1961). 

14.  L.  A.  Carpino,  J.  Am.  Chem.  Soc.,  82,  3133  (1960). 
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f-BUTYL  HYPOCHLORITE 

WARNING 


It  has  been  reported 1  that,  during  the  preparation  of  /-butyl 
hypochlorite  according  to  the  directions  published  in  this  series,2 
an  explosion  occurred  and  caused  moderate  physical  damage  and 
minor  injury  to  the  operator.  The  cause  of  the  accident  has  been 
attributed  to  lack  of  proper  temperature  control  during  addition 
of  chlorine.  It  is  strongly  recommended  that  the  reaction  vessel 
be  fitted  with  a  thermometer  that  dips  into  the  reaction  mixture 
and  that  the  rate  of  flow  of  chlorine  be  regulated  so  that  the 
temperature  of  the  reaction  mixture  never  exceeds  20°. 

1.  C.  P.  C.  Bradshaw  and  A.  Nechvatal,  Proc.  Chem.  Soc.,  213  (1963). 

2.  Org.  Syntheses,  32,  20  (1952);  Coll.  Vol.  4,  125  (1963). 


CYCLOPENTANECARBOXALDEHYDE 


CHO 


+  2HgS04 


H2SQ4  ^ 


C6Hio-2HgS04 


H20,  A 

- - - >- 

—  H2SO4  ,  —  Hg2S04 


Submitted  by  Oliver  Grummitt,  John  Liska,  and  Gerhard  Greull  1 
Checked  by  William  E.  Parham  and  Gerald  E.  Stokker 


1.  Procedure 

In  a  5-1.  three-necked  flask  fitted  with  reflux  condenser,  me¬ 
chanical  stirrer,  thermometer,  and  nitrogen  gas  inlet  is  placed  a 
solution  of  80.0  g.  (43.5  ml.,  0.82  mole)  of  concentrated  sulfuric 
acid  in  3  1.  of  water.  The  solution  is  stirred  under  nitrogen,  and 
740.0  g.  (2.49  moles)  of  reagent  mercuric  sulfate  is  added  to  form 
a  suspension  of  deep-yellow,  basic  mercuric  sulfate.  The  mixture 
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is  stirred  and  heated  to  55°  under  nitrogen,  and  82.0  g.  (101  ml., 
1.0  mole)  of  cyclohexene  (Note  1)  is  added  at  once.  A  tempera¬ 
ture  of  55-65°  (Note  2)  is  maintained  for  1  hour.  During  this 
time  the  color  of  the  reaction  mixture  changes  from  a  deep  yellow 
to  the  cream  color  of  the  cyclohexene-mercuric  sulfate  complex. 

At  the  end  of  1  hour  the  condenser  is  set  for  distillation.  The 
temperature  of  the  reaction  mixture  is  raised  (Note  3),  the  mix¬ 
ture  is  stirred  while  a  slow  current  of  nitrogen  is  continued,  and 
300  ml.  of  a  mixture  of  crude  cyclopentanecarboxaldehyde  and 
water  is  distilled  over  a  period  of  approximately  2  hours.  The 
crude  product  is  removed  in  a  separatory  funnel  from  the  aqueous 
layer,  which  is  extracted  with  three  50-ml.  portions  of  ether.  The 
extracts  are  combined  with  the  product  and  dried  over  anhydrous 
sodium  sulfate.  The  solution  is  filtered  into  a  250-ml.  Claisen 
flask  set  for  vacuum  distillation,  the  pressure  is  gradually  reduced 
to  100  mm.  to  distil  ether,  and  the  cyclopentanecarboxyaldehyde 
is  distilled  rapidly  (Note  4)  at  74-78°  (100  mm.).  The  yield  of 
aldehyde  (n20 d  1.4420-1.4428)  is  45-52  g.  (46-53%). 

Unless  the  aldehyde  is  to  be  used  immediately,  it  is  stored  in  a 
brown  bottle  at  0°  after  the  addition  of  0.1  g.  of  hydroquinone 
and  a  blanket  of  nitrogen  (Note  5). 

2.  Notes 

1.  Cyclohexene  from  an  unopened  bottle  or  freshly  distilled 
material  (b.p.  82-84°)  is  used. 

2.  This  is  the  optimal  temperature  range  to  form  the  cyclo¬ 
hexene-mercuric  sulfate  complex.2, 3 

3.  The  complex  undergoes  oxidation-reduction  at  about  100° 
to  give  cyclopentanecarboxyaldehyde,  mercurous  sulfate,  and 
some  mercury.  If  desired,  the  mercury  products  can  be  regen¬ 
erated  to  mercuric  sulfate: 

The  water  and  sludge  of  mercurous  sulfate  and  mercury,  which 
remain  after  the  distillation  of  cyclopentanecarboxyaldehyde,  are 
filtered  with  suction,  washed  with  three  100-ml.  portions  of  boil¬ 
ing  water,  three  100-ml.  portions  of  acetone,  and  finally  with 
three  100-ml.  portions  of  boiling  water.  The  gray-black  solid  is 
sucked  dry. 
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To  the  solid  in  a  3-1.  Erlenmeyer  flask  is  added  270  ml.  of 
water,  then  90  g.  (65  ml.,  1.0  mole)  of  concentrated  nitric  acid 
slowly  (Hood!).  The  contents  of  the  flask  are  swirled  and  allowed 
to  stand  until  frothing  and  evolution  of  reddish  brown  oxides  of 
nitrogen  subsides.  Dow-Corning  Antifoam  A  helps  to  control 
frothing. 

The  mixture  is  heated  cautiously  on  a  hot  plate  to  avoid  excess 
frothing.  When  the  frothing  has  almost  subsided,  additional 
concentrated  nitric  acid  is  added,  90  g.  (65  ml.,  1.0  mole)  at  a 
time,  with  swirling  and  intermittent  heating  to  control  the  vig¬ 
orous  reaction.  The  solid  changes  from  gray-black  to  a  cream 
color  after  six  90-g.  portions  of  concentrated  nitric  acid  have  been 
used. 

Six  hundred  milliliters  of  concentrated  nitric  acid  is  then  added 
with  heating  to  form  a  clear,  deep-orange  solution  of  mercuric 
nitrate.  This  mixture  is  allowed  to  cool  and  is  then  filtered  with 
suction  through  sintered  glass  to  remove  a  small  amount  of  solid. 

Four  hundred  and  sixty  grams  (250  ml.,  4.7  moles)  of  concen¬ 
trated  sulfuric  acid  is  added  to  the  filtrate  to  precipitate  mercuric 
sulfate.  The  mixture  is  boiled  under  the  hood  for  1  hour,  cooled 
to  10-25°,  and  filtered  with  suction  through  sintered  glass. 

The  solid  mercuric  sulfate  is  washed  with  three  100-ml.  portions 
of  approximately  40%  aqueous  sulfuric  acid  solution  (110  ml.  of 
concentrated  sulfuric  acid  mixed  with  300  ml.  of  water).  The 
solid  is  sucked  dry,  transferred  to  an  evaporating  dish,  broken 
up,  and  dried  in  the  hood  under  a  heat  lamp. 

The  yield  of  recovered  mercuric  sulfate  is  600-700  g.  This 
material  plus  fresh  mercuric  sulfate  to  give  740  g.  can  be  used  in 
a  subsequent  preparation  of  cyclopentanecarboxaldehyde  with¬ 
out  affecting  the  yield. 

4.  Cyclopentanecarboxyaldehyde  may  trimerize  if  heating  is 
prolonged;  hence  a  fast,  simple  distillation  is  done.  When  the 
distillation  residue  is  cooled,  a  solid  may  appear.  This  solid  can 
be  distilled  above  78°  (100  mm.)  as  a  clear  liquid  which  solidifies 
when  allowed  to  stand.  Recrystallization  of  this  material  from 
95%  ethanol  gives  a  white  solid  melting  at  122-124°.  This 
product  was  shown  to  be  cyclopentanecarboxaldehyde  trimer  by 
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a  mixed  melting-point  determination  with  trimer  prepared  from 
cyclopentanecarboxy aldehyde  and  85%  phosphoric  acid.4 

5.  During  storage  there  is  a  slow  formation  of  cyclopentane- 
carboxaldehyde  trimer. 

3.  Methods  of  Preparation 

Cyclopentanecarboxaldehyde  has  been  prepared  by  the  proce¬ 
dure  described  above;2'3  by  the  reaction  of  aqueous  nitric  acid 
and  mercuric  nitrate  with  cyclohexene; 5  by  the  action  of  mag¬ 
nesium  bromide  etherate  6  or  thoria  7  on  cyclohexene  oxide;  by 
the  dehydration  of  /ra;zs-l,2-cyclohexanediol  over  alumina  mixed 
with  glass  helices;  8  by  the  dehydration  of  divinyl  glycol  over 
alumina  followed  by  reduction ; 9  by  the  reaction  of  cyclopentene 
with  a  solution  of  [HFe(CO)4]~  under  a  carbon  monoxide  atmos¬ 
phere;  10  and  by  the  reaction  of  cyclopen tadiene  with  dicobalt 
octacarbonyl  under  a  hydrogen  and  carbon  monoxide  atmos¬ 
phere.11 

4.  Merits  of  the  Preparation 

This  procedure  uses  readily  available  starting  materials  and  in 
one  operational  step  generally  gives  higher  yields  of  cyclopentane¬ 
carboxaldehyde  than  other  preparations  described  in  the  litera¬ 
ture.  Because  mercuric  sulfate  is  an  expensive  reactant,  a  method 
of  regenerating  the  mercury  products  is  given.  Cyclopentane¬ 
carboxaldehyde  is  a  useful  intermediate  for  many  cyclopentane 
derivatives. 

1.  Department  of  Chemistry,  Western  Reserve  University,  Cleveland  6,  Ohio. 

2.  H.  L.  Yale  and  G.  W.  Hearne  (Shell  Development  Co.),  U.S.  Patent  2,429,501 
(1947)  [C.A.,  42,  1966  (1948)]. 

3.  J.  English,  Jr.,  J.  D.  Gregory,  and  J.  R.  Trowbridge,  II,  /.  Am.  Chem.  Soc.,  73, 
615  (1951). 

4.  A.  G.  Brook  and  G.  F.  Wright,  Can.  J.  Chem.,  29,  308  (1951). 

5.  D.  A.  Shearer  and  G.  F.  Wright,  Can.  J .  Chem.,  33,  1002  (1955). 

6.  S.  M.  Naqvi,  J.  P.  Horwitz,  and  R.  Filler,  J.  Am.  Chem.  Soc.,  79,  6283  (1957). 
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9.  E.  Urion,  Ann.  Chim.  {Paris),  (11)  1,  5  (1934). 

10.  H.  W.  Sternberg,  R.  Markby,  and  I.  Wender,  J.  Am.  Chem.  Soc.,  78,  5704 
(1956). 

11.  H.  Adkins  and  J.  L.  R.  Williams,  J.  Org.  Chem.,  17,  980  (1952). 
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CYCLOPROPYLBENZENE 


(Benzene,  cyclo propyl-) 


C6H5CH2CH2CH2Br  + 
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Submitted  by  Thomas  F.  Corbin,  Roger  C.  Hahn.1 
and  Harold  Shechter  2 

Checked  by  William  G.  Dauben  and  Paul  Laug 


1.  Procedure 

Caution!  N-Bromosuccinimide  is  a  skin  irritant. 

A.  1 ,3-Dibromo-l-phenylpropane.  In  a  3-1.  three-necked  flask 
fitted  with  a  sealed  stirrer  and  two  efficient  reflux  condensers  are 
placed  199  g.  (1.0  mole)  of  l-bromo-3-phenylpropane  (Note  1), 
187  g.  (1.05  moles)  of  N-bromosuccinimide  (Note  2),  3  g.  of 
benzoyl  peroxide,  and  1.2  1.  of  carbon  tetrachloride.  The  mix¬ 
ture  is  heated  cautiously  with  a  flame  to  reflux  until  a  sponta¬ 
neous  reaction  starts;  ice-bath  cooling  is  then  applied  if  necessary 
(Note  3).  When  the  spontaneous  reaction  subsides,  the  stirring 
is  stopped;  if  more  than  a  negligible  amount  of  N-bromosuccinim¬ 
ide  remains  in  the  bottom  of  the  flask  (succinimide  rises  to  the 
surface  of  the  solvent),  heating  and  stirring  are  continued  until 
an  evolution  of  hydrogen  bromide  is  noted.  The  mixture  is 
cooled,  and  the  solids  are  removed  by  suction  filtration  and 
washed  with  carbon  tetrachloride.  The  washings  are  combined 
with  the  original  filtrate,  and  the  bulk  of  the  carbon  tetrachloride 
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is  removed  (Note  4)  by  distillation  at  water  aspirator  pressure 
and  a  bath  temperature  of  40-50°  (Note  5).  The  remainder  of 
the  solvent  is  removed  at  the  same  bath  temperature  and  at  0.1 
mm.  pressure  (Note  6).  The  orange-yellow  residue  (nearly 
100%  of  the  theoretical  yield  of  1,3-dibromo-l-phenylpropane) 
is  used  without  further  purification  (Note  7)  in  the  next  step. 

B.  Cyclopropylbenzene.  In  a  1-1.  three-necked  flask  equipped 
with  a  stirrer  and  a  thermometer  extending  into  the  flask  but 
free  from  the  stirrer  are  placed  500  ml.  of  redistilled  dimethyl- 
formamide  and  zinc-copper  couple  prepared  from  131  g.  (2  g. 
atoms)  of  zinc  (Note  8).  The  mixture  is  cooled  to  7°  in  an  ice 
bath,  and  1,3-dibromo-l-phenylpropane  is  added  to  the  stirred 
mixture  at  a  rate  sufficient  to  maintain  the  reaction  temper¬ 
ature  at  7-9°  (Note  9).  The  mixture  is  stirred  for  30  minutes 
after  the  addition  is  completed,  poured  into  1  1.  of  water, 
and  then  steam-distilled  until  the  condensate  is  homogeneous  or 
1  1.  of  water  has  been  collected.  The  organic  layer  is  separated 
from  the  distillate,  and  the  aqueous  layer  is  extracted  with  three 
100-ml.  portions  of  ether.  The  combined  organic  portions  are 
washed  with  four  50-ml.  portions  of  water  and  dried  over  anhy¬ 
drous  potassium  carbonate.  The  ether  is  removed  by  distillation 
at  atmospheric  pressure  at  water  bath  temperature.  The  residue 
is  distilled  to  give  88-100  g.  (75-85%)  of  cyclopropylbenzene, 
b.p.  170-175°  (Note  10),  n26 d  1.5306-1.5318. 

2.  Notes 

1.  The  l-bromo-3-phenylpropane  was  obtained  from  Columbia 
Organic  Chemicals  Co.,  Inc.,  Columbia,  South  Carolina,  and  from 
Aldrich  Chemical  Co.,  Inc.,  Milwaukee,  Wisconsin.  Redistilla¬ 
tion  of  the  commercial  material  does  not  noticeably  affect  yields. 

2.  N-Bromosuccinimide  was  obtained  from  Arapahoe  Chemi¬ 
cals,  Inc.,  Boulder,  Colorado,  and  from  Coleman  and  Bell,  Nor¬ 
wood,  Ohio.  The  material  utilized  by  the  checkers  was  shown 
to  be  98.6%  pure  by  iodometric  analyses. 

3.  This  reaction  may  become  vigorously  exothermic;  two  con¬ 
densers  and  a  highly  mobile  setup,  allowing  quick  (5  seconds) 
removal  of  heat  and  application  of  cooling,  are  then  necessary  to 
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contain  it.  Caution  must  be  taken  to  control  but  not  stop  the 
reaction. 

4.  Any  bromine  present  at  this  point  is  entrained  by  the  carbon 
tetrachloride;  the  separated  carbon  tetrachloride  may  be  purified 
by  shaking  with  a  small  quantity  of  sodium  bisulfite,  drying  over 
anhydrous  potassium  carbonate,  and  distilling. 

5.  Higher  bath  temperatures  cause  darkening  of  the  residue 
with  evolution  of  hydrogen  bromide. 

6.  An  efficient  dry  ice  trap  is  essential  to  protect  the  vacuum 
pump. 

7.  Attempts  to  distil  the  residue  usually  cause  evolution  of 
large  amounts  of  hydrogen  bromide. 

8.  Zinc  powder,  obtainable  from  Mallinckrodt  Chemical  Works, 
St.  Louis,  Missouri,  and  Merck  and  Co.,  Rahway,  New  Jersey,  is 
placed  in  a  beaker  and  is  washed  consecutively  and  rapidly  (~10 
seconds)  with  three  100-ml.  portions  of  3%  hydrochloric  acid, 
two  100-ml.  portions  of  water,  two  200-ml.  portions  of  2%  aque¬ 
ous  copper  sulfate  (until  blue  color  disappears),  two  200-ml.  por¬ 
tions  of  water,  two  100-ml.  portions  of  acetone,  two  100-ml.  por¬ 
tions  of  dimethylformamide,  and  is  washed  into  the  reaction 
vessel  with  dimethylformamide.  This  procedure  is  a  modifica¬ 
tion  of  one  described  by  Hennion  and  Sheehan.3 

9.  This  highly  exothermic  reaction  often  has  an  induction  period 
the  end  of  which  is  characterized  by  a  rapid  temperature  rise 
dependent  on  the  amount  of  dibromide  already  added.  At  the 
first  sign  of  reaction  ( watch  the  thermometer  closely ),  addition  of 
dibromide  should  be  stopped  and  should  be  resumed  only  after 
the  temperature  has  stopped  rising.  Careful  purification  of  the 
dimethylformamide  appears  to  minimize  the  induction  period. 

10.  Analysis  of  this  product  by  gas  liquid  chromatography 
(QF-1  coated  column,  130°)  showed  it  to  be  >98.5%  pure.  The 
boiling  point  of  a  sample  collected  by  chromatography  was 
169-171°. 

3.  Methods  of  Preparation 

Cyclopropylbenzene  has  been  prepared  by  decomposition  of 
5-phenylpyrazoline,4  addition  of  hydrogen  bromide  to  cinnamyl 
bromide  followed  by  cyclization  with  zinc,6  decarboxylation  of 
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1  -phenylcy clopropanecarboxylic  acid,6  reaction  of  magnesium 
with  3-bromo-3-phenyl  methyl  ether  followed  by  decomposition 
of  the  intermediate  Grignard  reagent,7  reaction  of  styrene  with 
methylene  iodide  and  zinc-copper  couple,8  reaction  of  sodium 
amide  with  3-phenylpropyltrimethylammonium  iodide  in  liquid 
ammonia,9  decarbonylation  of  1 -phenylcy  clopropanecarboxalde- 
hyde,10  and  reaction  of  sodium  hydroxide  with  ( 1  -phenylcy clo- 
propyl)-diphenylphosphine  oxide.11 

4.  Merits  of  the  Preparation 

Because  of  the  unique  properties  of  the  cyclopropane  ring, 
cyclopropylbenzene  is  a  compound  of  considerable  interest. 
Only  one  of  the  alternative  methods  9  for  the  preparation  of  this 
compound  has  been  reported  to  give  more  than  32%  yield;  the 
procedure  described  affords  an  olefin-free  product  without  a 
relatively  laborious  purification  process.  By  its  utilization  of 
readily  available  starting  materials,  and  by  its  applicability  to 
the  preparation  of  large  quantities  of  product,  this  method  of 
synthesis  provides  easy  access  to  many  cyclopropylbenzene 
derivatives.12 
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1.  Procedure 

Cautionl  The  bromination  and  nitration  steps  should  be  carried 
out  in  a  well-ventilated  hood. 

A.  2-Amino-5-bromopyridine.  In  a  2-1.  three-necked  flask 
equipped  with  stirrer,  dropping  funnel,  and  condenser  is  placed 
a  solution  of  282  g.  (3.0  moles)  of  2-aminopyridine  (Note  1)  in 
500  ml.  of  acetic  acid.  The  solution  is  cooled  to  below  20°  by 
immersion  in  an  ice  bath,  and  480  g.  (154  ml.,  3.0  moles)  of 
bromine  dissolved  in  300  ml.  of  acetic  acid  is  added  dropwise 
with  vigorous  stirring  over  a  period  of  1  hour.  Initially  the 
temperature  is  maintained  below  20°,  but  after  about  half  the 
bromine  solution  has  been  added  it  is  allowed  to  rise  to  50°  to 
delay  as  long  as  possible  the  separation  of  the  hydrobromide  of 
2-amino-5-bromopyridine.  At  50°  the  hydrobromide  usually 
begins  to  crystallize  when  about  three-quarters  of  the  bromine 
has  been  added.  When  addition  of  bromine  is  completed,  the 
mixture  is  stirred  for  1  hour  and  is  then  diluted  with  750  ml.  of 
water  to  dissolve  the  hydrobromide.  The  contents  of  the  flask 
are  transferred  to  a  5-1.  beaker  and  are  neutralized,  with  stirring 
and  cooling,  by  the  addition  of  1.2  1.  of  40%  sodium  hydroxide 
solution. 

The  precipitated  2-amino-5-bromopyridine,  contaminated  with 
some  2-amino-3,5-dibromopyridine,  is  collected  by  filtration  and, 
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after  washing  with  water  until  the  washings  are  free  of  ionic 
bromide,  is  dried  at  110°  (Note  2).  The  2-amino-3,5-dibromo- 
pyridine  is  removed  from  the  product  by  washing  with  three 
500-ml.  portions  (Note  3)  of  hot  petroleum  ether  (b.p.  60-80°). 
The  yield  of  2-amino-5-bromopyridine,  m.p.  132-135°,  suffi¬ 
ciently  pure  for  use  in  the  next  stage,  is  320-347  g.  (62-67%) 
(Notes  4  and  5). 

B.  2- Amino-5 -hr omo-3-nitro pyridine.  A  1-1.  three-necked  flask 
immersed  in  an  ice  bath  and  equipped  with  stirrer,  dropping 
funnel,  condenser,  and  thermometer  is  charged  with  500  ml.  of 
sulfuric  acid  (sp.  gr.  1.84),  and  86.5  g.  (0.5  mole)  of  2-amino-5- 
bromopyridine  is  added  at  such  a  rate  that  the  temperature  does 
not  exceed  5°.  Twenty-six  milliliters  (39  g.,  0.57  mole)  of  95% 
nitric  acid  is  added  dropwise  with  stirring  at  0°,  and  the  mixture 
is  stirred  at  0°  for  1  hour,  at  room  temperature  for  1  hour,  and 
at  50—60°  for  1  hour.  The  contents  of  the  flask  are  cooled  and 
poured  onto  5  1.  of  ice  and  neutralized  with  1350  ml.  of  40% 
sodium  hydroxide  solution.  The  yellow  precipitate  of  2-amino- 
5-bromo-3-nitropyridine  is  collected  by  filtration  and  washed 
with  water  until  the  washings  are  free  of  sulfate,  slightly  acidu¬ 
lated  water  being  used  at  the  end  to  prevent  colloidal  break¬ 
through.  The  product  is  dried  at  room  temperature  to  constant 
weight.  The  yield  of  2-amino-5-bromo-3-nitropyridine,  m.p. 
204—208°,  sufficiently  pure  for  the  next  stage,  is  85-93  g.  (78- 
85%)  (Notes  6  and  7). 

C.  2 ,3-Diamino-5-bromopyridine  (Note  8).  A  100-ml.  flask 
fitted  with  a  reflux  condenser  is  charged  with  10.9  g.  (0.05  mole) 
of  2-amino-5-bromo-3-nitropyridine,  30  g.  of  reduced  iron,  40  ml. 
of  95%  ethanol,  10  ml.  of  water,  and  0.5  ml.  of  concentrated  hy¬ 
drochloric  acid  (Notes  9  and  10).  The  mixture  is  heated  on  a 
steam  bath  (Note  11)  for  1  hour,  and  at  the  end  of  this  period  the 
iron  is  removed  by  filtration  and  is  washed  three  times  with 
10-ml.  portions  of  hot  95%  ethanol.  The  filtrate  and  washings 
are  evaporated  to  dryness,  and  the  dark  residue  is  recrystallized 
from  50  ml.  of  water,  1  g.  of  activated  carbon  being  used  and  the 
mixture  being  filtered  while  hot.  The  charcoal  is  washed  with 
hot  ethanol  to  avoid  losses.  2,3-Diamino-5-bromopyridine  crys¬ 
tallizes  as  colorless  needles,  m.p.  163°.  The  yield  is  6.5-7. 1  g. 
(69-76%). 
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D.  2 ,3-Diamino  pyridine  (Note  12).  In  an  apparatus  for  cata¬ 
lytic  hydrogenation  (Note  13)  56.4  g.  (0.3  mole)  of  2,3-diamino-5- 
bromopyridine  suspended  in  300  ml.  of  4%  sodium  hydroxide 
solution  is  shaken  with  hydrogen  in  the  presence  of  1.0  g.  of  5% 
palladized  strontium  carbonate  (Note  14).  When  absorption  of 
hydrogen  is  completed,  the  catalyst  is  removed  by  filtration,  and, 
after  saturation  with  potassium  carbonate  (about  330  g.  is  re¬ 
quired),  the  resulting  slushy  mixture  is  extracted  continuously 
with  ether  until  all  the  precipitate  completely  disappears  (usu¬ 
ally  about  18  hours,  but  this  depends  on  the  efficiency  of  the 
extraction  apparatus).  The  ether  is  removed  by  distillation,  and 
the  residue  of  crude  2,3-diaminopyridine  is  recry stallized  from 
benzene  (about  600  ml.  is  required)  using  3  g.  of  activated  char¬ 
coal  and  filtering  rapidly  through  a  preheated  Buchner  funnel. 
The  yield  of  2,3-diaminopyridine,  obtained  as  colorless  needles, 
m.p.  115-116°,  pKa  6.84,  is  25.5-28.0  g.  (78-86%)  (Note  15). 

2.  Notes 

1.  The  checkers  used  a  pure  grade  of  2-aminopyridine  (m.p. 
58-60°)  obtained  from  Matheson,  Coleman  and  Bell. 

2.  The  checkers  dried  their  product  at  room  temperature  to 
constant  weight  in  order  to  avoid  loss  of  product  due  to  its  high 
volatility  at  110°.  It  was  found  that  95%  of  an  aliquot  had 
sublimed  during  drying  for  24  hours  at  110°  and  atmospheric 
pressure.  The  residue  analyzed  high  in  bromine,  indicating  that 
the  monobromo  derivative  is  more  volatile  than  the  dibromo 
derivative. 

3.  The  checkers  washed  their  crude  product  by  first  refluxing 
its  suspension  in  600  ml.  of  petroleum  ether  (b.p.  60-71°)  for 
about  20  minutes.  The  product,  obtained  by  filtration,  was 
slurry-washed  on  the  funnel  with  two  600-ml.  portions  of  boiling 
petroleum  ether  followed  by  air-drying  to  constant  weight. 

4.  The  checkers’  yield,  for  reasons  outlined  in  Note  2,  were 
appreciably  higher.  In  two  runs  using  one-half  the  quantities  of 
reactants  they  obtained  211  g.  and  224  g.  (81-86%),  of  product, 
m.p.  132-133.5°  and  133.5-135°,  respectively;  water  content 
(K.F.)  in  both  products  was  0.2%. 
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5.  If  required,  the  2-amino-5-bromopyridine  may  be  recrystal¬ 
lized  from  benzene  as  colorless  prisms,  m.p.  137°. 

6.  The  checkers’  yield  was  85.3  g.  (78.2%),  m.p.  202-204°. 

7.  Pure  2-amino-5-bromo-3-nitropyridine,  yellow  needles,  m.p. 
210°,  may  be  obtained  by  recrystallizing  the  product  from  ethyl 
methyl  ketone. 

8.  The  method  is  essentially  that  of  Petrow  and  Saper.3 

9.  Attempts  to  reduce  larger  quantities  of  the  amino-nitro 
compound  by  this  method  usually  give  lower  yields.  For  larger 
quantities  several  reductions  may  be  carried  out  simultaneously, 
and  the  filtrates  may  be  combined  for  isolation  of  the  diamine. 

10.  The  checkers  reduced  a  double  batch  and  obtained  12.8  g. 
(68%),  m.p.  159.5—160°.  In  this  run,  heating  time  was  doubled 
and  charcoal  was  extracted  repeatedly  (by  recycling  mother 
liquors)  to  assure  complete  extraction. 

1 1 .  The  checkers  employed  a  mechanical  stirrer. 

12.  This  is  essentially  the  procedure  of  Leese  and  Rydon.4 

13.  The  apparatus  described  in  Org.  Syntheses,  Coll.  Vol.  1,  61 
(1941),  or  a  commercial  equivalent  of  it,  is  suitable. 

14.  The  palladized  strontium  carbonate  is  prepared  as  follows. 
Suspend  33  g.  of  strontium  carbonate  in  350  ml.  of  water  at  70°. 
Add  2  g.  of  palladium  chloride  dissolved  in  10  ml.  of  concentrated 
hydrochloric  acid,  and  stir  the  mixture  at  70°  for  15  minutes. 
Filter  the  mixture,  wash  the  product  thoroughly  with  hot  water, 
and  dry  the  product  at  110°. 

15.  The  checkers’  yields  were  74.8%-84.7%  of  analytically 
pure  material  giving  a  negative  Beilstein  test. 

3.  Methods  of  Preparation 

2,3-Diaminopyridine  has  been  prepared  by  reduction  of  2- 
amino-3-nitropyridine  with  iron  and  aqueous  acidified  ethanol,3 
tin  and  hydrochloric  acid,5  or  stannous  chloride  and  hydrochloric 
acid,5  by  catalytic  reduction  of  3-amino-2-nitropyridine,6  by  re¬ 
duction  of  3-amino-2-nitropyridine,7  2-amino-5-chloro-3-nitro- 
pyridine,8  or  2-amino-5-bromo-3-nitropyridine  4  with  sodium  hy¬ 
droxide  solution  and  an  aluminum  nickel  alloy,  and  by  catalytic 
reduction  of  2-amino-5-bromo-3-nitropyridine.4  Amination  of 
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3-aminopyridine  with  sodamide  9  and  of  3-amino-2-chloropyridine 
with  concentrated  aqueous  ammonia  10  have  also  been  employed. 

4.  Merits  of  the  Preparation 

By  this  method  of  preparation  2,3-diaminopyridine  is  obtained 
in  26-43%  yield  from  the  readily  available  2-aminopyridine. 
The  intermediates  2-amino-5-bromopyridine  and  2-amino-5- 
bromo-3-nitropyridine  are  prepared  in  higher  yields  than  previ¬ 
ously  recorded. 

Methods  of  preparation  of  2,3-diaminopyridine  which  involve 
the  reduction  of  2-amino-3-nitropyridine  are  laborious.  The 
material  is  obtained  in  yields  of  less  than  10%  by  nitration  of 

2- aminopyridine,  and  its  separation  from  2-amino-5-nitropyri- 
dine,  which  is  the  major  product  of  the  nitration,  is  tedious  and 
inconvenient.  Reduction  of  amino-nitro  or  amino-halo-nitro 
compounds  with  sodium  hydroxide  solution  and  an  aluminum 
nickel  alloy  gives  variable  yields  of  an  inferior  product,  and  the 
method  can  be  used  only  for  preparing  comparatively  small 
quantities  of  2,3-diaminopyridine.  Catalytic  reduction  of  3- 
amino-2-nitropyridine  gives  a  good  yield  of  2,3-diaminopyridine, 
but  preparation  of  the  amino-nitro  compound  is  a  difficult  and 
time-consuming  process.  The  method  of  Schickh,  Binz,  and 
Schulz,10  which  involves  chlorination  of  3-aminopyridine  to 

3- amino-2-chloropyridine  and  amination  of  the  latter  by  heat¬ 
ing  for  20  hours  at  130°  with  concentrated  aqueous  ammonia, 
suffers  from  the  disadvantage  that  3-aminopyridine  is  less  read¬ 
ily  available  than  is  2-aminopyridine.  Furthermore  the  yields 
obtained  in  the  amination  stage  are  somewhat  erratic,  and  the 
yields  obtained  by  the  submitters  never  approached  the  57% 
reported. 
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a,a-DIFLUOROTOLUENE 
(Toluene,  a,a-difluoro-) 

AND  BENZENESULFINYL  FLUORIDE 

0  O 

II  II 

c6h5sf3  +  c6h5ch  ->  c6h5sf  +  c6h5chf2 

Submitted  by  William  A.  Sheppard  1 
Checked  by  E.  S.  Glazer  and  John  D.  Roberts 


1.  Procedure 

Caution!  Phenylsulfur  trifluoride  is  toxic,  and  this  reaction 
should  be  carried  out  in  a  good  hood.  The  reagent  should  not  be 
allowed  to  come  in  contact  with  the  skin. 

Phenylsulfur  trifluoride  2  (16.6  g.,  0.10  mole)  is  placed  in  a 
two-necked  50-ml.  flask  equipped  with  a  dropping  funnel  and 
connected  to  a  dry  distillation  column  (Note  1).  The  flask  is 
heated  to  50-70°  in  an  oil  bath,  and  10.6  g.  (0.10  mole)  of  benz- 
aldehyde  is  added  in  small  portions  over  30  minutes.  A  mild 
exothermic  reaction  occurs.  After  the  addition  is  completed,  the 
reaction  flask  is  heated  to  100°  with  an  oil  bath,  and  the  pressure 
on  the  column  is  reduced  until  a,Q!-difluorotoluene  distills.  The 
major  portion  of  product  distills  at  68°  (80  mm.),  but  a  small 
final  cut,  b.p.  45°  (15  mm.),  is  obtained.  The  yield  of  a.a-diflu- 
orotoluene  is  9.2-10.2  g.  (71-80%)  (Note  2).  The  pressure  is 
reduced  and  the  distillation  is  continued.  An  intermediate  cut 
of  1-2  g.,  b.p.  45°  (15  mm.)  to  60°  (2.5  mm.),  is  discarded,  and 
benzenesulfinyl  fluoride,  11.7-13.2  g.  (81-91%),  b.p.  60°  (2.5 
mm.),  is  collected.  Since  the  benzenesulfinyl  fluoride  slowly 
attacks  glass  and  may  be  unstable  to  storage  at  room  tempera¬ 
ture,  it  is  recommended  that  this  product  be  stored  at  —  80°. 
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2.  Notes 

1.  A  45-cm.  spinning  band  column  was  employed  by  the  sub¬ 
mitter,  but  any  distillation  column  with  a  low  holdup  may  be 
used.  Since  the  products  have  widely  different  boiling  points, 
careful  fractionation  during  distillation  is  not  needed.  Because 
the  phenylsulfur  trifluoride  and  benzenesulfinyl  fluoride  slowly 
attack  glass,  all  equipment  should  be  rinsed  with  water  and  ace¬ 
tone  immediately  after  use  to  minimize  etching. 

2.  The  product  attacks  glass  slowly  on  standing,  and  a  mod¬ 
erate  increase  in  pressure  takes  place.  The  product  can  be  stored 
for  a  period  of  several  days  in  a  polyethylene  bottle,  but  it  is  best 
to  prepare  the  material  shortly  before  use.  If  prolonged  storage 
is  required,  a  stainless  steel  cylinder  or  a  bottle  fabricated  from 
Teflon  ®  polytetrafluoroethylene  resin  is  suggested. 

3.  Methods  of  Preparation 

cqa-Difluorotoluene  has  been  prepared  by  the  reaction  of  a,a- 
dichloro toluene  with  antimony  (III)  fluoride,3  by  the  hydrogena¬ 
tion  of  a-chloro-cqa-difluorotoluene,4  by  the  action  of  sulfur 
tetrafluoride  on  benzaldehyde,5  and  by  the  present  method.6-7 

4.  Merits  of  the  Preparation 

Sulfur  tetrafluoride  provides  an  inexpensive  method  for  selec¬ 
tively  converting  a  carbonyl  to  a  difluoromethyl  group.  How¬ 
ever,  the  reactions  involving  sulfur  tetrafluoride,  in  general, 
require  pressure  equipment  constructed  of  fluorine-resistant 
material  such  as“Hastelloy-C”  bombs.8  Phenylsulfur  trifluoride 
may  be  used  to  advantage  for  the  same  reaction,  where  small 
amounts  are  involved,  since  the  reaction  may  be  run  at  atmos¬ 
pheric  pressure  in  glass,  polyethylene,  or  metal  containers. 

Although  the  sulfur  trifluoride  compounds  are  generally  useful 
as  selective  agents  for  conversion  of  carbonyl  and  carboxyl  groups 
to  difluoromethylene  and  trifluoromethyl  groups,  variations  in 
reaction  conditions  are  often  necessary.7  Thus  the  reaction  of 
aromatic  ketones  requires  heating  at  150°.  Since  the  reaction 
with  aliphatic  aldehydes  and  ketones  is  exothermic,  it  is  advan- 
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tageous  to  run  it  in  a  solvent  such  as  methylene  chloride  or  ace¬ 
tonitrile  containing  a  small  amount  of  sodium  fluoride  powder 
(with  ketones  an  induction  period  of  several  hours  may  be  ob¬ 
served).  Reactions  with  carboxylic  acids  should  be  carried  out 
in  a  container  resistant  to  hydrogen  fluoride,  and  they  require 
heating  at  120°  to  150°. 

1.  Contribution  No.  669  from  the  Central  Research  Department,  Experimental 
Station,  E.  I.  du  Pont  de  Nemours  and  Company. 

2.  W.  A.  Sheppard,  this  volume,  p.  82. 

3.  T.  Van  Hove,  Bull.  Classe  Set.  Acad.  Roy.  Belg.,  1074  (1913). 

4.  F.  Swarts,  Bull.  Classe  Sci.  Acad.  Roy.  Belg.,  410  (1920). 

5.  W.  R.  Hasek,  W.  C.  Smith,  and  V.  A.  Engelhardt,  J.  Am.  Chem.  Soc.,  82,  543 
(1960). 

6.  W.  A.  Sheppard,  J.  Am.  Soc.,  82,  4751  (1960). 

7.  W.  A.  Sheppard,  J.  Am.  Chem.  Soc.,  84,  3058  (1962). 

8.  W.  R.  Hasek,  Org.  Syntheses,  41,  104  (1961). 


l,3-DIHYDRO-3,6,7-TRIMETHYL-2H-AZEPIN-2-ONE 
(2H-Azepin-2-one,  l,3-dihydro-3, 5, 7-trimethyl-) 

OH  O®  Na® 


Submitted  by  Leo  A.  Paquette  1 

Checked  by  Klaus  Herbig  and  B.  C.  McKusick 


1.  Procedure 

Caution!  Because  obnoxious  fumes  are  liberated  during  the 
reaction  with  chloramine,  the  apparatus  should  be  set  up  in  a  well- 
ventilated  hood. 

Five  hundred  forty-five  grams  (4.00  moles)  of  2,4,6-trimethyl- 
phenol  (Note  1)  is  placed  in  a  1-1.  three-necked  flask  fitted  with 
mechanical  stirrer,  thermometer,  90-cm.  Vigreux  column,  and 
dropping  funnel  (not  of  the  pressure-equalizing  variety).  The 
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Vigreux  column  must  extend  sufficiently  into  the  top  of  a  well- 
ventilated  hoed  to  entrain  effectively  the  fumes  that  will  be 
generated  later  In  the  operation.  The  phenol  is  melted  with  the 
aid  of  an  external  oil  bath  or  Glascol®  heating  mantle  and 
heated  to  about  100°.  The  heating  bath  is  removed,  and  27.6  g. 
(1.20  g.  atoms)  of  sodium  in  cubes  about  1  cm.  on  a  side  or 
smaller  is  added  to  the  stirred  mixture  at  such  a  rate  that  the 
temperature  does  not  exceed  150-160°.  The  molten  mass  grad¬ 
ually  becomes  dark  red  in  color  as  the  sodium  dissolves.  While 
the  addition  and  solution  of  the  sodium  is  proceeding,  a  cold 
solution  of  about  0.25  mole  of  chloramine  in  250  ml.  of  ether  is 
prepared  (Note  2). 

When  all  the  sodium  has  dissolved,  the  phenoxide-phenol 
mixture  is  heated  to  150°.  With  the  oil  bath  or  heating  mantle 
still  surrounding  the  flask,  and  with  a  protective  shield  between  the 
reaction  vessel  and  the  operator  (Note  3),  the  cold  ethereal  chlora¬ 
mine  solution  is  added  with  rapid  stirring  in  a  thin  stream  from 
the  dropping  funnel  at  such  a  rate  that  the  temperature  of  the 
reaction  mixture  does  not  drop  below  125°.  Best  results  are  ob¬ 
tained  if  the  thin  stream  of  ether  solution  can  be  added  directly 
to  the  molten  mass  without  first  touching  the  walls  of  the  flask. 

When  the  addition  is  completed,  the  heat  source  is  removed 
and  the  dark-colored  contents  are  allowed  to  cool  until  another 
0.25  mole  of  ethereal  chloramine  has  been  prepared  and  is  ready 
for  use;  a  wait  of  1.5—2  hours  between  chloramine  additions  is 
convenient  but  not  essential  to  the  success  of  the  experiment. 
The  cooled  reaction  mixture  is  then  reheated  to  150°,  and  the 
process  is  repeated.  This  sequence  is  repeated  until  a  total  of 
four  0.25-mole  portions  of  chloramine  are  added. 

The  reaction  mixture  is  allowed  to  cool.  The  dropping  funnel, 
thermometer,  and  Vigreux  column  are  replaced  with  a  stopper 
and  short-path  distillation  head.  The  mixture  is  stirred  while 
the  excess  phenol  is  removed  by  distillation  at  water-aspirator 
pressure;  b.p.  105-110°  (14  mm.).  When  the  temperature  begins 
to  rise  above  110°  (14  mm.),  the  distillation  is  stopped  and  the 
residue  is  allowed  to  cool  (Note  4). 

Water  (500  ml.)  and  500  ml.  of  ether  are  added  to  the  residue, 
and  the  mixture  is  well  stirred.  The  mixture  is  transferred  to  a 
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2-1.  separatory  funnel,  and  the  two  layers  are  carefully  separated. 
The  aqueous  layer  is  extracted  with  two  additional  250-ml.  por¬ 
tions  of  ether.  The  combined  organic  layers  are  washed  twice 
with  5%  sodium  hydroxide  solution  and  then  with  water,  dried 
over  anhydrous  magnesium  sulfate,  filtered,  and  evaporated  on 
a  rotary  evaporator.  The  dark  residue  is  transferred  to  a  distil¬ 
lation  flask  and  distilled  through  a  30-cm.  Vigreux  column  to 
yield  a  crystalline  fraction,  b.p.  130-155°  (13  mm.)  (Note  5). 
Recrystallization  of  this  distillate  from  ligroin  gives  68-80  g. 
(45-53%,  based  on  chloramine  added)  of  l,3-dihydro-3,5,7-tri- 
methyl-2H-azepin-2-one  as  a  fluffy  white  solid,  m.p.  131-132°. 

2.  Notes 

1.  Suitable  material  is  obtainable  from  the  Aldrich  Chemical 
Co.,  Milwaukee,  Wisconsin. 

2.  The  ethereal  chloramine  solution  is  conveniently  prepared 
in  this  quantity  according  to  the  precise  directions  of  Coleman 
and  Johnson.2  It  is  essential  to  the  success  of  this  reaction  that 
their  procedure  be  followed  exactly. 

3.  The  protective  shield  is  recommended  despite  the  fact  that 
no  fire  or  explosion  has  been  observed  in  well  over  fifty  such  ex¬ 
periments  by  the  submitter. 

4.  The  phenol  recovered  at  this  stage  is  reusable  in  subsequent 
preparations. 

5.  It  is  not  always  necessary  to  distil  the  residue.  The  checkers 
obtained  a  tan  crystalline  residue  that  was  recrystallized  from 
about  2  1.  of  heptane  to  give  68  g.  of  colorless  azepinone,  m.p. 
130-132°.  An  additional  12  g.  of  the  azepinone  with  the  same 
appearance  and  melting  point  was  obtained  by  concentrating  and 
cooling  the  heptane  filtrate. 

3.  Methods  of  Preparation 

l,3-Dihydro-2H-azepin-2-one  has  been  prepared  in  a  lengthy 
five-step  sequence  by  Vogel  and  Erb.3  The  present  method,4 
the  reaction  of  sodium  2,6-dialkylphenoxides  with  chloramine, 
easily  affords  the  corresponding  dihydroazepinones  in  good  yield. 
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4.  Merits  of  the  Preparation 

This  reaction  can  be  generally  applied  with  equal  success  to 
other  2,6-dialkylphenols,4  many  of  which  are  commercially  avail¬ 
able.  Although  the  procedure  cannot  be  extended  to  phenol  or 
o-monosubstituted  phenols  (aminophenols  result 6),  it  represents 
a  facile  synthetic  method  for  obtaining  a  ring  system  heretofore 
relatively  unavailable.  The  dihydroazepinones  in  turn  are  ex¬ 
cellent  starting  materials  for  the  preparation  of  other  novel 
heterocyclic  systems  such  as  2,3-dihydro-lH-azepines,6  2-sub- 
stituted-3H-azepines,7  and  derivatives  of  2-azabicyclo[3.2.0]hept- 
6-ene.8 

1.  Research  Laboratories  of  the  Upjohn  Company,  Kalamazoo,  Michigan.  Pres¬ 
ent  address:  Department  of  Chemistry,  The  Ohio  State  University,  Columbus 
10,  Ohio. 

2.  G.  H.  Coleman  and  H.  L.  Johnson,  Inorg.  Syntheses,  1,  59  (1939). 

3.  E.  Vogel  and  R.  Erb,  Angew.  Chetn.,  74,  76  (1962). 

4.  L.  A.  Paquette,  J.  Am.  Chem.  Soe.,  84,  4987  (1962);  85,  3288  (1963). 

5.  W.  Theilacker  and  E.  Wegner,  Angew.  Chem.,  72,  127  (1960). 

6.  L.  A.  Paquette,  Tetrahedron  Letters,  2027  (1963). 

7.  L.  A.  Paquette,  J.  Am.  Chem.  Soc.,  85,  4053  (1963). 

8.  L.  A.  Paquette,  J.  Am.  Chem.  Soc.,  86,  500  (1964). 


a,a-DIMETHYL-p-PHENETHYLAMINE 
(Phenethylamine,  a,a-dimethyl) 

C6H5CH2C(CH3)2OH  +  HCN 

C6H5CH2C(CH3)2NHCHO  — J^pNa>  C6H5CH2C(CH3)2NH2 

Submitted  by  John  J.  Ritter  1  and  Joseph  Kalish  2 
Checked  by  William  G.  Dauben  and  Alan  Krubiner 


1.  Procedure 

Caution!  This  preparation  should  he  conducted  in  a  hood  because 
poisonous  hydrogen  cyanide  may  be  evolved. 

A.  N-Formyl-a,a-dimethyl-p-phenethylamine.  To  a  2-1.,  three¬ 
necked,  round-bottomed  flask  fitted  with  a  sealed  stirrer  carrying 
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a  crescent-shaped  blade,  a  thermometer,  an  addition  funnel,  and 
a  reflux  condenser  connected  to  a  trap  containing  20%  sodium 
hydroxide  solution  is  added  500  ml.  of  glacial  acetic  acid  (Note  1). 
The  contents  of  the  flask  are  cooled  to  20°  by  means  of  an  ice 
bath,  the  addition  funnel  is  temporarily  replaced  by  a  stopper, 
and  to  the  stirred  acetic  acid  is  added  110  g.  (2  moles)  of  95% 
sodium  cyanide  in  small  portions.  The  temperature  of  the  mix¬ 
ture  is  maintained  around  20°,  and  the  addition  requires  about 
20  minutes  (Note  2).  The  addition  funnel  is  replaced,  and  a 
previously  prepared  and  cooled  solution  of  500  g.  (272  ml.,  4.9 
moles)  of  concentrated  sulfuric  acid  in  250  ml.  of  glacial  acetic 
acid  is  added  slowly,  with  stirring,  the  temperature  of  the  mix¬ 
ture  being  kept  at  about  20°  by  means  of  an  ice  bath  (Note  3). 
The  ice  bath  is  removed,  and  300  g.  (2  moles)  of  a,a-dimethyl-/3- 
phenethyl  alcohol  (Note  4)  is  added  over  a  20-minute  period 
during  which  the  temperature  of  the  mixture  rises  slowly  to  35- 
45°.  The  reaction  mixture  is  stirred  for  an  additional  90  minutes 
(Note  5)  and  allowed  to  stand  overnight.  The  amber-colored 
mixture  containing  some  solid  sodium  sulfate  is  aerated  with 
nitrogen  for  2  hours  ( Caution !  In  a  hood),  poured  into  3  1.  of  ice 
water,  and  the  supernatant  oil  separated.  The  aqueous  phase  is 
neutralized  with  sodium  carbonate  and  extracted  with  600  ml. 
of  ether.  The  ethereal  extract  is  combined  with  the  original  oily 
supernatant,  neutralized  with  sodium  carbonate,  and  dried  over 
anhydrous  sodium  sulfate.  The  solvent  is  removed  under  reduced 
pressure,  and  the  residue  is  distilled  to  yield  230-248  g.  (65-70%) 
of  product,  b.p.  137-141°  (2  mm.).  Redistillation  of  the  ether- 
containing  fore-run  yields  up  to  an  additional  14  g.  of  material. 

B.  a,a.-Dimethyl-(5-phenethylamine.  In  a  3-1.,  three-necked, 
round-bottomed  flask  equipped  with  a  reflux  condenser  and  a 
sealed  stirrer  are  placed  246  g.  (1.39  moles)  of  N-formyl-a,a- 
dimethyl-j8-phenethylamine  and  2.1  1.  of  20%  sodium  hydroxide 
solution.  The  mixture  is  heated  under  reflux  with  vigorous  stir¬ 
ring  for  2.5  hours  or  until  a  test  portion  of  the  oily  layer  dissolves 
completely  in  cold  5%  hydrochloric  acid.  The  reaction  mixture 
is  cooled,  750  ml.  of  benzene  is  added,  the  mixture  is  stirred,  and 
the  benzene  layer  is  separated.  The  benzene  solution  is  shaken 
with  a  saturated  sodium  chloride  solution,  the  benzene  removed 
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by  distillation  at  atmospheric  pressure,  and  the  product  distilled 
at  reduced  pressure  to  yield  155-165  g.  (75-80%)  of  a,a-dimethyl- 
/3-phenethylamine,  b.p.  80-82°  (10  mm.). 

2.  Notes 

1.  The  reaction  may  be  conducted  in  other  solvents  (e.g., 
dibutyl  ether)  or  in  the  absence  of  solvent  with  some  alteration 
in  the  order  of  mixing  the  reagents.  The  submitters  find  for  this 
and  a  large  number  of  similar  preparations  that  acetic  acid 
generally  is  most  convenient. 

2.  Most  of  the  sodium  cyanide  does  not  dissolve. 

3.  Care  must  be  taken  during  the  first  part  of  the  addition 
because  the  reaction  is  very  exothermic. 

4.  Methallylbenzene  or  isobutenylbenzene  may  be  used  in 
place  of  the  carbinol  with  practically  identical  results. 

5.  The  temperature  may  continue  to  rise  during  the  initial 
portion  of  this  period,  but  it  is  controlled  by  means  of  an  ice  bath 
to  limit  the  temperature  of  the  mixture  to  45-50°. 

3.  Methods  of  Preparation 

a,a-Dimethyl-/3-phenethylamine  has  been  prepared  from  benz- 
aldehyde  and  2-nitropropane  3  and  from  isobutyrophenone  by  a 
series  of  steps  involving  alkylation  with  benzyl  bromide,  alkali 
cleavage,  and  Hofmann  bromamide  degradation.4 

4.  Merits  of  the  Preparation 

The  present  method  is  shorter  and  less  laborious  than  previ¬ 
ously  described  methods,  and  it  gives  better  yields  of  material. 
The  method  is  one  of  considerable  scope,6-8  having  been  used  with 
fair  to  excellent  success  with  many  tertiary  alcohols  or  the  cor¬ 
responding  alkenes,  with  benzyl  alcohol,  and  with  some  second¬ 
ary  alcohols.  Nitriles  (except  cyanogen  and  phenylacetonitrile) 
generally  have  been  found  to  react  at  satisfactory  rates  and  in 
good  yield. 

1.  Evans  Research  and  Development  Corporation,  250  East  43  Street,  New  York 
17,  New  York. 
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2.  Drug  and  Cosmetic  Industry,  101  West  31  Street,  New  York  1,  New  York. 

3.  R.  S.  Shelton  and  M.  C.  Van  Carnpen,  Jr.,  U.S.  Patent  2,408,345  (Sept.  1946) 
[C.  A.,  41,  567  (1947)];  B.  L.  Zenitz,  E.  B.  Macks,  and  M.  L.  Moore,  J.  Am. 
Chem.  Soc.,  70,  955  (1948). 

4.  L.  L.  Abell,  W.  F.  Bruce,  and  J.  Seifter,  U.S.  Patent  2  590,079  (March  1952) 
[C.  A,  46,  10200  (1952)]. 

5.  J.  J.  Ritter  and  P.  P.  Minieri,  J.  Am.  Chem.  Soc.  70,  4045  (1948). 

6.  J.  J.  Ritter  and  J.  Kalish,  J.  Am.  Chem.  Soc.,  70,  4048  (1948). 

7.  F.  R.  Benson  and  J.  J.  Ritter,  J.  Am.  Chem.  Soc.  71,  4128  (1949). 

8.  L.  W.  Hartzel  and  J.  J.  Ritter,  /.  Am.  Chem.  Soc.,  71,  4130  (1949). 


2,4-DINITROBENZENESULFENYL  CHLORIDE 


(Benzenesulfenyl  chloride,  2,4-dinitro-) 


cich2c6h5 


+  so2 


Submitted  by  Norman  Kharasch  and  Robert  B.  Langford  1 
Checked  by  D.  C.  Dittmer  and  B.  C.  McKusick 


1.  Procedure 

Caution!  Both  steps  should  be  carried  out  in  a  good  hood. 

A.  2 ,4-Dinitro phenyl  benzyl  sulfide.  The  apparatus  consists  of 
a  1-1.,  three-necked,  round-bottomed  flask  equipped  with  a  sealed 
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mechanical  stirrer  and  a  reflux  condenser.  In  it  are  placed  202  g. 
(1.00  mole)  of  2,4-dinitrochlorobenzene  (m.p.  50-52°)  ( Caution ! 
A  skin  irritant),  400  ml.  of  methanol,  124  g.  (1.00  mole)  of  benzyl 
mercaptan,  and  87  g.  (85  ml.,  1.10  moles)  of  pyridine.  The  mix¬ 
ture  is  heated  at  the  reflux  temperature  with  stirring  for  16  hours 
or  more  (Note  1)  and  cooled  to  0°.  The  2,4-dinitrophenyl  benzyl 
sulfide  that  precipitates  is  separated  by  filtration,  washed  with 
two  250-ml.  portions  of  ice-cold  methanol,  and  dried  at  60-80°. 
The  sulfide,  a  yellow  crystalline  solid  that  melts  at  128-129°, 
weighs  235-250  g.  (81-86%)  (Note  2).  It  may  be  used  in  the 
next  step  without  further  purification. 

B.  2 ,4-Dinitrobenzenesulfenyl  chloride.  Dry  2,4-dinitrophenyl 
benzyl  sulfide  (232  g.,  0.80  mole)  and  400  ml.  of  dry  ethylene 
chloride  are  placed  in  a  2-1.,  one-necked,  round-bottomed  flask 
equipped  with  a  stirrer  (Note  3).  Sulfuryl  chloride  (119  g.,  0.88 
mole)  (Note  4)  is  added  to  the  resulting  suspension  at  room  tem¬ 
perature.  A  mildly  exothermic  reaction  causes  the  solid  to  dis¬ 
solve  quickly,  usually  within  1  to  2  minutes,  with  a  temperature 
rise  of  10-15°  (Note  5).  The  resulting  clear  yellow  solution  is 
concentrated  to  an  oil  by  heating  under  aspirator  vacuum  on  a 
steam  bath  (Note  6) .  ( Caution !  Do  not  heat  with  gas  or  electricity 
because  the  product,  like  many  nitro  compounds,  can  explode  if 
overheated.)  The  residual  oil  is  cooled  to  50-60°,  and  3-4  volumes 
of  dry  petroleum  ether  (b.p.  30-60°)  are  added  with  vigorous  hand¬ 
swirling.  The  oil  quickly  crystallizes.  The  mixture  is  cooled  to 
room  temperature  and  filtered  to  separate  2,4-dinitrobenzene- 
sulfenyl  chloride  as  a  yellow  crystalline  solid.  The  sulfenyl  chlo¬ 
ride  is  washed  well  with  dry  petroleum  ether  and  dried  at  60-80° 
(Note  7);  weight  150-170  g.  (80-90%);  m.p.  95-96°  (Notes  8,  9). 

2.  Notes 

1 .  After  2  or  3  hours,  solid  product  usually  appears  in  the  reac¬ 
tion  mixture. 

2.  When  practical  grade  2,4-dinitrochlorobenzene  (m.p.  46- 
47°)  is  substituted,  a  product  of  equally  good  quality  (m.p.  128— 
129°)  is  obtained,  but  the  yield  is  only  70-75%. 
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3.  All  materials  and  equipment  used  in  Step  B  of  this  procedure 
must  be  completely  dry  to  avoid  loss  of  product  by  hydrolysis. 
The  checkers  found,  however,  that  the  reaction  may  be  carried 
out  open  to  the  air  without  loss  of  yield. 

4.  Practical  grade  sulfuryl  chloride,  obtained  from  Matheson, 
Coleman  and  Bell,  gives  satisfactory  results. 

5.  The  2,4-dinitrophenyl  benzyl  sulfide  normally  undergoes 
cleavage  at  room  temperature  without  the  addition  of  a  catalyst. 
If  the  reaction  does  not  occur  spontaneously,  the  mixture  may  be 
warmed  gently  and/ or  one  drop  of  dry  pyridine  may  be  added  to 
initiate  the  reaction. 

6.  Rotary  or  other  distillation  equipment  with  metal  parts 
should  not  be  used  in  concentrating  the  reaction  mixture  because 
not  only  will  the  corrosive  vapors  damage  the  equipment,  but 
also  the  resulting  metal  salts  will  discolor  and  partially  decompose 
the  product.  The  solution  should  not  be  heated  any  longer  than 
is  necessary  to  concentrate  it;  excessive  heating  gives  a  dark- 
colored  product. 

7.  The  product  should  not  be  dried  longer  than  is  necessary 
for  it  to  reach  constant  weight,  or  there  may  be  partial  decom¬ 
position. 

8.  The  product  obtained  by  this  procedure  is  pure  enough  for 
most  purposes.  Its  melt,  however,  is  faintly  cloudy.  A  product 
of  high  purity,  giving  a  clear  melt,  can  be  obtained  by  recrystal¬ 
lization  from  about  15  ml.  of  dry  carbon  tetrachloride  per  gram 
of  sulfenyl  chloride.  When  stored  in  a  sealed  brown  bottle  with 
a  plastic  cap  (no  metal!),  the  sulfenyl  chloride  is  stable  for  years. 

9.  2,4-Dinitrobenzenesulfenyl  bromide  may  be  similarly  pre¬ 
pared  by  refluxing  2,4-dinitrophenyl  benzyl  sulfide  with  the 
equivalent  amount  of  bromine  in  5  parts  of  dry  carbon  tetrachlo¬ 
ride.  As  it  is  less  stable  than  the  chloride,  losing  bromine  if  over¬ 
heated,  it  should  be  concentrated  on  a  40°  water  bath  under 
vacuum.  When  worked  up  in  the  same  manner  as  the  chloride, 
the  product  usually  contains  some  b is- (2,4-dinitrophenyl)  di¬ 
sulfide.  Because  the  disulfide  is  insoluble  in  carbon  tetrachloride, 
the  sulfenyl  bromide  may  be  readily  purified  by  recrystallization; 
yield  75-80%,  m.p.  102-104°. 
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3.  Methods  of  Preparation 

2.4- Dinitrophenyl  benzyl  sulfide  has  been  prepared  by  the 
reaction  of  benzyl  chloride  with  2,4-dinitrothiophenol 2  or  bis- 
(2,4-dinitrophenyl)  disulfide  3  and  by  the  condensation  of  2,4- 
dinitrochlorobenzene  with  benzyl  mercaptan.4 

2.4- Dinitrobenzenesulfenyl  chloride  has  been  obtained  by  the 
chlorinolysis  of  2,4-dinitrophenyl  thiolbenzoate,6  2,4-dinitrothio¬ 
phenol,6  or  bis- (2,4-dinitrophenyl)  disulfide,7-11  and  by  the  present 
procedure.8 

4.  Merits  of  the  Preparation 

2,4-Dinitrobenzenesulfenyl  chloride  is  a  versatile  analytical 
reagent  for  the  characterization  of  a  wide  variety  of  organic  com¬ 
pounds,  including  alcohols,  mercaptans,  ketones,  olefins,  amines, 
aromatic  compounds,  olefin  oxides,  and  hydroxysteroids.  Review 
articles  summarize  these  applications.9- 10 

The  chlorinolysis  of  2,4-dinitrophenyl  benzyl  sulfide  gives  a 
good  yield  of  product  which  is  satisfactory  for  most  purposes  with¬ 
out  recrystallization.  Only  simple  equipment  and  inexpensive 
materials  are  needed,  only  2  or  3  hours  of  the  operator’s  time  are 
required,  and  the  entire  procedure  can  be  completed  within  24 
hours. 

The  best  previous  method  of  preparation,  the  chlorinolysis  of 
bis- (2,4-dinitrophenyl)  disulfide  by  sulfuryl  chloride  in  the  pres¬ 
ence  of  pyridine,11  requires  much  more  time  and  effort  with  results 
that  are  uncertain,  even  for  experienced  operators. 

1.  Department  of  Chemistry,  University  of  Southern  California,  Los  Angeles  7, 
California. 

2.  C.  Willgerodt,  Bar.,  18,  331  (1885). 

3.  E.  Fromm,  H.  Benzinger,  and  F.  Schafer,  Ann.,  394,  335  (1912). 

4.  R.  W.  Bost,  J.  O.  Turner,  and  R.  D.  Norton,  /.  Am.  Chem.  Soc.,  54, 1985  (1932). 

5.  K.  Fries  and  W.  Buchler,  Ann.,  454,  258  (1927). 

6.  G.  W.  Perold  and  H.  L.  F.  Snyman,  J.  Am.  Chem.  Soc.,  73,  2379  (1951). 

7.  M.  H.  Hubacher,  Org.  Syntheses,  Coll.  Vol.  2,  456  (1943);  N.  Kharasch,  G.  I. 
Gleason,  and  C.  M.  Buess,  J.  Am.  Chem.  Soc.,  72,  1796  (1950). 

8.  N.  Kharasch  and  R.  B.  Langford,  J.  Org.  Chem.,  28,  1903  (1963). 

9.  N.  Kharasch,  J.  Chem.  Educ.,  33,  585  (1956). 

10.  R.  B.  Langford  and  D.  D.  Lawson,  J.  Chem.  Educ.,  34,  510  (1957). 

11.  D.  D.  Lawson  and  N.  Kharasch,  J.  Org.  Chem.,  24,  858  (1959). 
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DIPHENYL  KETIMINE 
(Diphenylmethylenimine) 

C6H5Br  C6H5MgBr 

(C6H5)2C=NMgBr  — °H>  (C6H6)2C=NH  +  CH3OMgBr 

Submitted  by  P.  L.  Pickard  1  and  T.  L.  Tolbert  2 

Checked  by  C.  L.  Dickinson,  H.  D.  Hartzler,  and  B.  C.  McKusick 

1.  Procedure 

The  apparatus  consists  of  a  1-1.  three-necked  flask  equipped 
with  a  mechanical  stirrer,  a  250-ml.  dropping  funnel,  and  a  Fried¬ 
richs  reflux  condenser  fitted  with  a  calcium  chloride  drying  tube. 
Magnesium  turnings  (13.4  g.,  0.55  g.  atom)  and  200  ml.  of  an¬ 
hydrous  diethyl  ether  are  put  in  the  flask  (Note  1).  Slow  stirring 
is  started,  and  4  ml.  of  bromobenzene  (Note  2)  is  added  from  the 
funnel.  After  reaction  has  started  (Note  3),  the  stirring  rate  is 
increased,  and  moderate  reflux  is  maintained  by  addition  of 
80.5  g.  of  bromobenzene  (making  a  total  of  86  g.  or  0.55  mole) 
in  100  ml.  of  ether.  The  solution  is  refluxed  for  30-45  minutes 
after  the  addition  and  is  cooled  to  room  temperature.  Stirring 
is  continued  while  a  solution  of  51.5  g.  (0.50  mole)  of  benzonitrile 
(Note  2)  in  100  ml.  of  ether  is  added  slowly  enough  (Note  4) 
to  maintain  only  a  gentle  reflux.  On  completion  of  the  addition, 
the  reaction  mixture  of  pale-yellow  liquid  and  white  solid  is  re¬ 
fluxed  with  stirring  for  4-6  hours.  The  stirred  mixture  is  cooled 
to  room  temperature,  and  the  Grignard-nitrile  complex  is  decom¬ 
posed  by  cautious  addition  of  120  ml.  (3  moles)  of  anhydrous 
methanol  (Note  5). 

On  completion  of  the  methanol  addition,  the  mixture  is  stirred 
for  30  minutes  and  filtered.  Low-boiling  material  is  stripped 
from  the  filtrate,  and  the  residue  is  distilled  through  a  45-cm. 
Vigreux  column  at  reduced  pressure.  There  is  a  fore-run,  b.p. 
120-127°  (3.5  mm.),  that  weighs  about  5  g.  Then  55-73  g.  (61- 
81%)  of  diphenyl  ketimine  is  collected  at  127-128°  (3.5  mm.)  or 


52 


ORGANIC  SYNTHESES,  VOL.  44 


151-152°  (8  mm.);«20D  1.6180-1.6191  (Note  6).  The  product 
should  be  stored  under  nitrogen  to  prevent  yellowing. 

2.  Notes 

1.  Freshly  opened  commercial  (Baker  and  Adamson)  anhy¬ 
drous  ether  is  suitable.  The  checkers  found  it  more  convenient 
to  use  commercial  phenylmagnesium  bromide  than  to  prepare  it. 
They  obtained  80  g.  (88%)  of  the  ketimine  by  charging  the  flask 
with  175  ml.  (0.525  mole)  of  3N  phenylmagnesium  bromide 
(Arapahoe  Chemicals,  Boulder,  Colorado),  then  adding  51.5  g. 
of  benzonitrile  as  described. 

2.  Both  bromobenzene  and  benzonitrile  (white  label  grade, 
Eastman  Kodak  Company)  were  distilled  before  use. 

3.  If  the  reaction  does  not  start  spontaneously,  a  crystal  of 
iodine  may  be  added  and  the  mixture  may  be  warmed. 

4.  Care  should  be  taken  to  prevent  a  buildup  of  unreacted 
nitrile  that  could  result  in  uncontrolled  reaction. 

5.  The  methanol  should  be  added  as  fast  as  possible.  A  quan¬ 
tity  of  gummy  material  will  form  as  the  decomposition  progresses, 
but  with  continued  addition  of  methanol  it  will  be  rapidly  con¬ 
verted  to  crystalline  methoxymagnesium  bromide. 

6.  Gas  chromatographic  analysis  of  the  product  from  three  con¬ 
secutive  preparations  showed  less  than  0.1%  impurity.  Similar 
results  were  obtained  on  0.005-ml.  samples  in  an  F.  and  M.  202 
Temperature  Programed  Gas  Chromatograph  using  two  columns: 
a  12-foot  column  of  10%  HiVac  grease  and  5%  Marlex-50  on 
100-140  mesh  Gas  Chrom  A,  at  a  constant  temperature  of  275°, 
with  a  helium  flow  rate  of  120  ml.  per  minute;  and  a  20-foot 
column  of  20%  GE-SE  30  on  100-140  mesh  Gas  Chrom  A,  pro¬ 
gramed  at  3.3°  per  minute  from  250°  to  300°,  with  a  helium 
flow  rate  of  120  ml.  per  minute. 

3.  Methods  of  Preparation 

This  procedure  is  a  modification  of  the  method  employed  by 
Moureu  and  Mignonac,3  who  first  reported  the  preparation  of 
ketimines  via  Grignard-nitrile  complexes.  The  use  of  methanol 
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in  the  decomposition  step  results  in  higher  yields  and  extends  the 
method  to  the  less  stable  ketimines.4  The  preparation  of  diphenyl 
ketimine  by  the  thermal  decomposition  of  benzophenone  oxime 
has  been  described  in  Organic  Syntheses. 6 

4.  Merits  of  the  Preparation 

The  procedure  is  general  and  is  often  the  best  way  to  make 
ketimines. 

1.  Celanese  Chemical  Company,  Clarkwood,  Texas. 

2.  Chemstrand  Research  Center,  Inc.,  Durham,  North  Carolina. 

3.  C.  Moureu  and  G.  Mignonac,  Compl.  Rend.,  156,  1801  (1913). 

4.  P.  L.  Pickard  and  T.  L.  Tolbert,  J.  Org.  Chem.,  26,  4886  (1961). 

5.  A.  Lachman,  Org.  Syntheses,  Coll.  Vol.  2,  234  (1943). 


N-ETHYLALLENIMINE 
(Aziridine,  l-ethyl-2-methylene-) 

NaNH, 

H2C=CCH2NHC2H5  - Li,,  nh  '  >  H2C=C - CH2 

3  \  / 

Br  N 

c2h5 

Submitted  by  Albert  T.  Bottini  and  Robert  E.  Olsen  1 
Checked  by  Thomas  H.  Lowry  and  E.  J.  Corey 


1.  Procedure 

Caution!  This  preparation  should  be  carried  out  in  a  good  hood  to 
avoid  exposure  to  ammonia.  The  operator  should  wear  rubber 
gloves  and  protective  goggles  because  2-haloallylamines  and  ethyl- 
enimines  can  cause  severe  skin  and  eye  irritation. 

A  2-1.  three-necked  flask  is  fitted  with  a  sealed  mechanical 
stirrer,  a  gas-inlet  tube,  and  a  dry  ice  condenser  protected  from 
the  air  by  a  soda-lime  drying  tube  (Note  1).  The  system  is 
flushed  thoroughly  with  dry  ammonia,  and  32.8  g.  (0.84  mole)  of 
sodium  amide  (Note  2)  is  added  to  the  flask.  The  system  is 
again  flushed  with  ammonia,  the  condenser  is  provided  with  dry 
ice  covered  by  acetone,  and  1.2  1.  of  liquid  ammonia  is  condensed 
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in  the  flask.  The  gas-inlet  tube  is  replaced  with  a  dropping 
funnel,  the  stirrer  is  started,  and  118  g.  (0.72  mole)  of  N-(2- 
bromoallyl)ethylamine 2 3 4 5  is  added  dropwise  in  20-30  minutes; 
during  the  addition,  the  ammonia  boils  vigorously,  and  the  color 
of  the  slurry  changes  from  gray  to  black.  Stirring  is  continued 
for  3  hours,  and  the  dry  ice  is  then  allowed  to  evaporate.  The 
condenser  is  provided  with  an  ice-salt  mixture,  and  the  ammonia 
is  allowed  to  evaporate  until  the  volume  is  reduced  to  about  800 
ml.  (Note  3).  Ethanol-free  ether  (200  ml.)  is  added  rapidly 
through  the  dropping  funnel,  and  the  reaction  is  stopped  by  the 
slow,  dropwise  addition  {Caution!)  of  5  ml.  of  water.  The  am¬ 
monia  is  allowed  to  evaporate  overnight.  Water  (150  ml.)  and 
100  ml.  of  ether  are  added  to  the  residue,  and  the  mixture  is 
stirred  for  2  minutes  in  order  to  dissolve  the  precipitated  salts. 
The  resulting  mixture,  which  consists  of  aqueous  and  ethereal 
solutions,  is  separated,  and  the  aqueous  phase  is  extracted  with 
75  ml.  of  ether.  The  ether  solutions  are  combined,  dried  over 
sodium  hydroxide  (Note  4),  and  distilled  through  an  efficient 
low-holdup  column  (Note  5).  The  fraction  with  b.p.  77-80°, 
n25 d  1.4260-1.4268,  which  is  96-97%  N-ethylaflenimine  (Note  6), 
weighs  30-34  g.  (48-55%).  Pure  (>99.5%)  N-ethylallenimine 
has  b.p.  77-79°,  n25o  1.4281-1.4284  (Notes  7  and  8). 

2.  Notes 

1.  The  glassware  should  be  dried  in  an  oven  before  use,  and 
water  must  be  rigorously  excluded  from  the  reaction  mixture. 

2.  The  sodium  amide  was  obtained  from  Roberts  Chemical 
Co.,  Nitro,  West  Virginia. 

3.  About  1.5-2. 5  hours  is  required;  stirring  is  continued  and  ice 
is  prevented  from  forming  on  the  outside  of  the  flask.  The  check¬ 
ers  used  an  inner-spiral  condenser  cooled  by  ice  water. 

4.  The  ether  solution  and  fractions  taken  during  the  subse¬ 
quent  distillation  may  be  assayed  by  gas-liquid  partition  chroma¬ 
tography  on  a  0.8-cm.  x  200-cm.  column  heated  at  120°  and 
packed  with  nonyl  phthalate  supported  on  ground  firebrick. 

5.  The  submitters  concentrated  the  dry  ether  solution  to  a 
volume  of  80-100  ml.  by  distillation  through  a  1.0-cm.  x  40-cm. 
column  packed  with  glass  helices  and  equipped  with  a  total- 
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reflux  head.  ^-Xylene  (10  ml.)  was  added  to  the  residue,  and 
this  solution  was  fractionated  through  a  0.8-cm.  x  30-cm.  Pod- 
bielniak-type  column  fitted  with  a  total-reflux  head.  The  sub¬ 
mitters  recommend  that,  during  distillation  of  the  concentrated 
solution,  a  slow  stream  of  nitrogen  be  passed  through  the  boiling 
liquid  to  minimize  the  formation  of  dark,  tarry  products.  The 
checkers  used  a  1-cm.  x  100-cm.  spinning-band  column  (Nester 
and  Faust  Co.)  for  the  distillation  of  N-ethylallenimine  and  were 
able  to  obtain  material  of  99%  purity  (Note  7)  directly. 

6.  This  fraction  is  2-3%  ether,  96-97%  N-ethylallenimine, 
and  1-2%  N-ethylpropargylamine.  The  product  from  the  reac¬ 
tion  consists  of  80-90%  N-ethylallenimine  and  10-20%  N-ethyl¬ 
propargylamine.  N-Ethylpropargylamine  has  b.p.  100-102°  (760 
mm.),  n25 d  1.4314-1.4316. 

7.  The  submitters  obtained  essentially  pure  (>99.5%) 
N-ethylallenimine  by  redistilling  30  g.  or  more  of  the  96-97% 
pure  product  through  the  Podbielniak  column  and  rejecting  the 
first  10-20%  and  the  last  20%  of  the  distillate.  The  yield  of  pure 
N-ethylallenimine  is  18-21  g.  (30-35%).  Pure  N-ethylallenimine 
has  also  been  obtained  in  comparable  yields  by  (a)  distilling  the 
combined  concentrated  solution  from  the  equivalent  of  three 
runs  through  a  1.3-cm.  x  100-cm.  column  packed  with  glass 
helices  and  equipped  with  a  total-reflux  head,  and  ( b )  treating 
the  crude  distillate  with  lithium  aluminum  hydride  as  described 
for  the  purification  of  N-propylallenimine.3 

8.  Samples  of  pure  N-ethylallenimine  and  other  allenimines 
have  been  stored  at  0°  for  well  over  a  year  with  no  significant 
deterioration.  Caution!  N-Alkylallenimines,  even  as  dilute  solu¬ 
tions  in  aqueous  ethanol,  are  rapidly  destroyed  by  acid.4- 5  Therefore 
concentrated  solutions  of  N-alkylallenimines  should  not  be  al¬ 
lowed  to  come  in  contact  with  acid  because  of  the  possibilities  of 
violent  decomposition. 

3.  Methods  of  Preparation 

The  method  described  is  essentially  that  of  Pollard  and  Par- 
cell.4  N-Ethylallenimine  has  been  prepared  by  treating  N-(2- 
bromoallyl)ethylamine  in  liquid  ammonia  with  sodium  amide,4-6 
lithium  amide,6  or  potassium  amide.6 
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4.  Merits  of  the  Preparation 

This  is  a  general  method  for  making  N-alkylallenimines,  and 
the  following  ones  have  been  made  in  this  way:  N-methyl-,6 
N-propyl-,6  N-isopropyl-,4  N-butyl-,4  N-hexyl-,6  and  N-(3,5,5-tri- 
methylhexyl)-.4  N-/-B u tylallenimine  6  and  l-(l-allenimino)-2- 
hydroxy-3-butene  7  have  also  been  prepared  by  this  method,  but 
with  sodium  amide/2-bromoallylamine  mole  ratios  of  1.75  and 
2.1,  respectively.  This  method  has  been  used  for  the  preparation 
of  pure  N-alkylpropargylamines  from  2-chloroallylamines.6- 7 
The  optimum  sodium  amide/2-chloroallylamine  ratio  for  the 
preparation  of  N-alkylpropargylamines  is  2.1. 

1.  Chemistry  Department,  University  of  California,  Davis,  California. 

2.  A.  T.  Bottini  and  R.  E.  Olsen,  this  volume,  p.  7. 

3.  A.  T.  Bottini  and  R.  E.  Olsen,  J.  Am.  Chem.  Soc.,  84,  196  (1962). 

4.  C.  B.  Pollard  and  R.  F.  Parcell,  J.  Am.  Chem.  Soc.,  73,  2925  (1951). 

5.  A.  T.  Bottini  and  J.  D.  Roberts,  J.  Am.  Chem.  Soc.,  79,  1462  (1957). 

6.  A.  T.  Bottini,  B.  J.  King,  and  R.  E.  Olsen,  J.  Org.  Chem.,  28,  3241  (1963). 

7.  A.  T.  Bottini  and  V.  Dev,  /.  Org.  Chem.,  27,  968  (1962). 
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1.  Procedure 

Caution!  This  preparation  should  be  carried  out  in  a  hood  to 
avoid  exposure  to  ammonia. 

A  suspension  of  lithium  amide  (0.25  mole)  (Note  1)  in  liquid 
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ammonia  is  prepared  in  a  1-1.  three-necked  flask  equipped  with 
a  condenser,  a  ball-sealed  mechanical  stirrer,  and  a  dropping 
funnel.  In  the  preparation  of  this  reagent  commercial  anhydrous 
liquid  ammonia  (500  ml.)  is  introduced  from  a  cylinder  through 
an  inlet  tube.  To  the  stirred  ammonia  is  added  a  small  piece  of 
clean  lithium  metal.  After  the  appearance  of  a  blue  color  a  few 
crystals  of  ferric  nitrate  hydrate  (about  0.25  g.)  are  added,  fol¬ 
lowed  by  small  pieces  of  freshly  cut  lithium  metal  (Note  2)  until 
1.73  g.  has  been  added.  After  all  the  lithium  has  been  converted 
to  the  amide  (Note  3),  17.6  g.  (0.2  mole)  of  ethyl  acetate  (Note  4) 
is  added,  and  the  gray  suspension  is  stirred  for  about  30  seconds. 
To  the  gray  suspension  is  added  36.4  g.  (0.2  mole)  of  benzophe- 
none  (Note  4)  dissolved  in  100  ml.  of  anhydrous  ether.  The 
mixture  is  stirred  for  30  minutes  and  is  then  neutralized  by  the 
addition  of  13.4  g.  (0.25  mole)  of  ammonium  chloride.  The  liquid 
ammonia  is  then  removed  by  use  of  a  steam  bath  while  200-300 
ml.  of  ether  is  being  added  (Note  5).  When  the  ammonia  has 
been  removed,  200  ml.  of  cold  water  is  added.  The  ether  layer 
is  separated,  and  the  aqueous  layer  is  further  extracted  with  two 
100-ml.  portions  of  ether.  The  combined  ether  extract  is  dried 
over  magnesium  sulfate  and  filtered,  and  the  solvent  is  evapo¬ 
rated.  The  residue  is  dissolved  in  50  ml.  of  hot  95%  ethanol, 
treated  with  Norit®,  filtered,  and  allowed  to  cool.  The  yield  of 
ethyl  /3-hydroxy-/3,/3-diphenylpropionate,  obtained  as  colorless, 
needle-like  crystals  melting  at  85-86°,  is  40.5-45.5  g.  (75-84%). 
The  filtrate,  on  reduction  in  volume  and  cooling,  yields  small 
amounts  of  benzophenone,  m.p.  46-47°. 

2.  Notes 

1 .  This  preparation  may  be  accomplished  by  using  one  molec¬ 
ular  equivalent  of  lithium  amide ;  special  reaction  procedures  must 
be  employed,  however,  and  the  yields  are  not  reproducible.2  The 
preparation  may  also  be  accomplished  (with  reduced  yield)  by 
using  sodium  amide,  but  only  under  special  reaction  conditions.3 

2.  The  lithium  wire  or  ribbon  is  cut  in  about  0.25-g.  pieces, 
stored  under  kerosene,  and  blotted  with  filter  paper  before 
addition. 
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3.  Conversion  is  indicated  by  the  discharge  of  the  blue  color. 

4.  Ethyl  acetate  and  benzophenone  as  supplied  by  the  East¬ 
man  Kodak  Company  were  used  without  further  purification. 

5.  The  checkers  added  ether  and  permitted  the  ammonia  to 
evaporate  overnight.  If  a  steam  bath  is  employed,  care  must  be 
exercised  to  prevent  charring  of  the  product. 

3.  Methods  of  Preparation 

This  procedure  is  an  adaptation  of  ones  described  by  Dunna- 
vant  and  Hauser.2-4  Ethyl  /3-hydroxy-/3,/3-diphenylpropionate 
has  been  prepared  previously  using  the  Reformatsky  reaction  by 
condensing  ethyl  a-bromoacetate  with  benzophenone  by  means 
of  zinc  metal.5 


4.  Merits  of  the  Preparation 

This  procedure  illustrates  the  use  of  lithio  esters  for  the  prepa¬ 
ration  of  /3-hydroxy  esters.  Isopropyl  and  /-butyl  /3- hydroxy-/3,/3- 
diphenylpropionate  may  be  prepared  in  approximately  80% 
yields  by  using  isopropyl  or  /-butyl  acetates  in  place  of  ethyl 
acetate.2  This  procedure  is  generally  more  convenient  than  the 
Reformatsky  reaction  for  the  preparation  of  such  esters.  Under 
similar  conditions  ethyl  acetate  may  conveniently  be  condensed 
with  various  aldehydes  or  ketones  to  give  the  corresponding 
/3-hydroxy  esters.4 

1.  Department  of  Chemistry,  Duke  University,  Durham,  North  Carolina.  This 
work  was  supported  by  the  Army  Research  Office  (Durham). 

2.  W.  R.  Dunnavant  and  C.  R.  Hauser,  J.  Org.  Chem.,  25,  1693  (1960). 

3.  C.  R.  Hauser  and  W.  R.  Dunnavant,  J.  Org.  Chem.,  25,  1296  (1960). 

4.  W.  R.  Dunnavant  and  C.  R.  Hauser,  J.  Org.  Chem.,  25,  503  (1960). 

5.  H.  Rupe  and  E.  Busolt,  Ber.,  40,  4537  (1907). 
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1.  Procedure 

Potassium  cyanide  (71.6  g.,  1.1  moles,  u.s.p.)  and  100  ml.  of 
95%  ethanol  are  placed  in  a  2-1.  round-bottomed  flask  having  a 
ground  joint  and  arranged  with  a  Hershberg  stirrer  2  (Note  1). 
A  solution  of  113  g.  (106  ml.,  1  mole)  of  ethyl  cyanoacetate,  79  g. 
(98  ml.,  1.1  moles)  of  2-butanone,  and  66  ml.  of  glacial  acetic  acid 
is  added  to  the  stirred  solution  over  a  period  of  1  hour.  The 
mixture  is  stirred  for  an  additional  hour,  the  stirrer  is  removed, 
and  the  mixture  is  allowed  to  stand  at  room  temperature  for  7 
days  (Note  2). 

Concentrated  hydrochloric  acid  (500  ml.)  is  added  to  the  semi¬ 
solid  reaction  mixture,  a  reflux  condenser  is  placed  on  the  flask, 
and  the  mixture  is  heated  under  vigorous  reflux  for  a  period  of 
4  hours  (Note  3).  An  additional  500  ml.  of  hydrochloric  acid  is 
added,  and  the  boiling  under  reflux  is  continued  for  an  additional 
4  hours. 

The  cooled  reaction  mixture  is  extracted  (Note  4)  with  four 
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portions  of  ether  (400  ml.,  250  ml.,  200  ml.,  200  ml.)  (Note  5). 
The  ether  extracts  are  filtered  and  combined,  and  about  two-thirds 
of  the  ether  is  distilled.  The  ethereal  solution  is  transferred  to  a 
500-ml.  Erlenmeyer  flask,  and  the  remaining  ether  is  removed. 
The  residue  (about  160  g.)  is  dissolved  in  200  ml.  of  24%  hydro¬ 
chloric  acid  (1  part  water,  2  parts  concentrated  hydrochloric  acid) 
and  the  solution  distilled  until  the  boiling  point  reaches  108° 
(Note  6).  The  solution  is  cooled  and  allowed  to  stand  at  5° 
for  about  20  hours.  The  product  is  collected  by  vacuum  filtration 
and  dried  in  a  vacuum  desiccator  containing  both  concentrated  sul¬ 
furic  acid  and  potassium  hydroxide  pellets.  The  yield  of  a-ethyl- 
a-methylsuccinic  acid  is  65-75  g.  (41-47%),  m.p.  91-97°.  Con¬ 
centration  of  the  mother  liquor  to  125  ml.  gives  an  additional 
8-9  g.  of  acid,  m.p.  85-91°  (Note  7). 

2.  Notes 

1.  The  reaction  can  be  run  in  an  open  flask  because  only  a 
small  amount  of  gas  escapes.  See  Note  3.  Sodium  cyanide  can 
be  substituted  for  potassium  cyanide  if  2  g.  of  /3-alanine  is  also 
employed  as  a  catalyst. 

2.  Heating  the  reaction  for  shorter  periods  gave  erratic  results. 
At  this  point  the  semisolid  mixture  can  be  diluted  with  200  ml.  of 
water,  extracted  with  benzene,  and  the  benzene  extract  fraction¬ 
ally  distilled  to  give  ethyl  2,3-dicyano-3-methylpentanoate,  b.p. 
146.0-147.5°  (2.5  mm.),  »27d  1.4429  (highly  purified  ester  has 
b.p.  138.5-141.5°  (2  mm.),  «25d  1.4432).  The  overall  yield  of 
a-ethyl-a-methylsuccinic  acid  is  decreased  by  about  5%  when 
the  dicyano  intermediate  is  isolated. 

3.  During  the  reflux  period,  gases  are  continuously  evolved; 
these  apparently  are  hydrogen  chloride,  carbon  dioxide,  ethyl 
acetate,  and  possibly  ethyl  chloride.  The  reaction  should  be  run 
in  a  hood,  or  the  gases  should  be  trapped.3 

4.  If  no  layer  separates  on  addition  of  the  ether,  add  200  ml. 
of  water. 

5.  This  extraction  is  designed  to  remove  the  organic  acids  from 
the  inorganic  salts.  The  extraction  may  also  be  effected  by  con¬ 
tinuous  extraction.4 
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6.  The  distillate  consists  of  low-boiling  solvents. 

7.  The  acid  can  be  purified  further  by  dissolving  50  g.  of  it  in 
100  ml.  of  benzene.  The  solution  is  filtered,  diluted  with  100  ml. 
of  hexane,  and  cooled  to  5°.  The  yield  of  acid  is  45.0  g.,  m.p. 
97-102°  (lit.4 5  m.p.  101-102°). 

3.  Methods  of  Preparation 

The  one-step  condensation  to  convert  2-butanone,  ethyl  cyano- 
acetate,  and  hydrocyanic  acid  to  ethyl  2,3-dicyano-3-methyl- 
pentanoate  is  a  modification  of  the  procedure  described  by  Smith 
and  Horowitz  6  in  which  pyridine  acetate  was  employed  as  the 
catalyst.  Higson  and  Thorp  6  employed  a  two-step  procedure 
in  which  butanone  was  converted  to  its  cyanohydrin,  which  in 
turn  was  condensed  with  ethyl  cyanoacetate. 

a-Ethyl-a-methylsuccinic  acid  also  has  been  prepared  by  the 
sulfuric  acid  hydrolysis  of  ethyl  a-ethyl-a-methyl-/3-carbethoxy- 
succinate,7  the  action  of  80%  sulfuric  acid  on  l-ethoxy-3-ethyl-3- 
methyl-l,2-cyclopropanedioic  acid,8  and  the  dichromate  oxidation 
of  /3-ethyl-/3-methylbutyrolactone . 9 

4.  Merits  of  the  Preparation 

This  procedure  illustrates  a  process  which  should  be  general  for 
many  a,«-disubstituted  succinic  acids.  It  is  more  convenient 
than  those  previously  employed  because  the  reaction  sequence  is 
carried  out  in  one  step. 

1.  Department  of  Chemistry,  DePaul  University,  Chicago  14,  Illinois. 

2.  See  Org.  Syntheses,  Coll.  Vol.  2,  116  (1944). 

3.  J.  Cason  and  H.  Rapoport,  “Laboratory  Text  in  Organic  Chemistry,”  2nd  ed., 
Prentice-Hall  Inc.,  Englewood  Cliffs,  New  Jersey,  1962,  p.  66. 

4.  J.  Cason  and  H.  Rapoport,  “Laboratory  Text  in  Organic  Chemistry,”  2nd  ed., 
Prentice-Hall  Inc.,  Englewood  Cliffs,  New  Jersey,  1962,  pp.  263-264. 

5.  P.  A.  S.  Smith  and  J.  P.  Horowitz,  J.  Am.  Chem.  Soc.,  71,  3418  (1949). 

6.  A.  Higson  and  J.  F.  Thorpe,  J.  Chem.  Soc.,  89,  1467  (1906). 

7.  K.  Auwers  and  R.  Fritzweiler,  Ann.,  298,  166  (1897). 

8.  B.  Singh  and  J.  F.  Thorpe,  J.  Chem.  Soc.,  123,  113  (1923). 

9.  S.  S.  G.  Guha-Sircar,  J.  Chem.  Soc.,  898  (1928). 
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1.  Procedure 


Ten  grams  (0.056  mole)  of  2a-thiohomophthalimide  2  and  a 
solution  of  30  g.  of  potassium  hydroxide  in  125  ml.  of  water  are 
placed  in  a  300-ml.,  one-necked,  round-bottomed  flask  (Note  1). 
The  mixture  is  refluxed  for  48  hours,  filtered,  and  acidified  with 
12iV  hydrochloric  acid.  The  solid  that  forms  on  cooling  is  col¬ 
lected  by  filtration  and  recrystallized  from  a  mixture  of  25  ml. 
of  water  and  as  much  acetic  acid  (about  7  ml.)  as  necessary  to 
dissolve  the  solid  in  the  boiling  solution,  with  addition  of  a  little 
activated  carbon.  The  yield  of  homophthalic  acid,  m.p.  181° 
(Note  2),  is  6. 1-7. 5  g.  (60-73%)  (Note  3). 


2.  Notes 


1.  Because  base  can  attack  glass  vessels,  possibly  introducing 
difficultly  removable  silicates  into  the  reaction  mixture,  a  copper 
flask  is  recommended  for  routine  operations. 

2.  The  melting  point  depends  on  the  rate  of  heating.  When 
the  solid  is  heated  slowly,  the  melting  range  can  be  as  low  as 
172-174°. 

3.  An  alternative  procedure  involves  3  days  of  refluxing  in  a 
mixture  of  75  ml.  of  glacial  acetic  acid,  50  ml.  of  12 N  hydrochloric 
acid,  and  30  ml.  of  water.  The  product  separates  on  cooling  in  a 
slightly  lower  yield  (48%). 
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S.  Methods  of  Preparation 

Homophthalic  acid  may  be  obtained  by  the  oxidation  of  in- 
dene,3’4  the  reduction  of  phthalonic  acid,5’6  and  the  hydrolysis 
of  o-carboxyphenylacetonitrile . 7  Other  methods  are  listed  in  an 
earlier  volume.3 


4.  Merits  of  the  Preparation 

This  is  a  general  method  for  converting  2a-thiohomophthalim- 
ides  to  homophthalic  acids.  Since  2a-thiohomophthalimides 
are  readily  obtained  from  phenylacetyl  chlorides,2  this  is  a  con¬ 
venient  method  for  preparing  homophthalic  acids. 

1.  Department  of  Chemistry,  University  of  Michigan,  Ann  Arbor,  Michigan. 

2.  P.  A.  S.  Smith  and  R.  O.  Kan,  this  volume,  p.  91. 

3.  0.  Grummitt,  R.  Egan,  and  A.  Buck,  Org.  Syntheses,  Coll.  Vol.  3,  449  (1955). 

4.  W.  F.  Whitmore  and  R.  C.  Cooney,  J.  Am.  Chem.  Soc.,  66,  1239  (1944). 

5.  K.  Miescher  and  J.  R.  Billeter,  Eelv.  Chim.  Acta,  22,  608  (1939). 

6.  W.  Davies  and  H.  G.  Poole,  J.  Chem.  Soc.,  1617  (1928). 

7.  C.  C.  Price,  Org.  Syntheses,  22,  61  (1942). 
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1.  Procedure 

A  3-1.  stainless  steel,  rocking  autoclave  (Note  1)  is  charged  with 
270  g.  (4.1  moles)  of  85%  potassium  hydroxide  and  351  g.  (3.00 
moles)  of  indole  (Note  2),  and  then  360  g.  (3.3  moles)  of  70% 
aqueous  glycolic  acid  is  added  gradually  (Note  3).  The  auto¬ 
clave  is  closed  and  rocked  at  250°  for  about  18  hours  (Note  4). 
The  reaction  mixture  is  cooled  to  below  50°,  500  ml.  of  water  is 
added,  and  the  autoclave  is  rocked  at  100°  for  30  minutes  to  dis¬ 
solve  the  potassium  indole-3-acetate.  The  aqueous  solution  is 
cooled  to  25°  and  removed  from  the  autoclave,  the  autoclave  is 
rinsed  out  well  with  water,  and  water  is  added  until  the  total 
volume  of  solution  is  3  1.  The  solution  is  extracted  with  500  ml. 
of  ether  (Note  5).  The  aqueous  phase  is  acidified  at  20-30°  with 
12 N  hydrochloric  acid  and  then  is  cooled  to  10°  (Note  6).  The 
indole-3-acetic  acid  that  precipitates  is  collected  on  a  Buchner 
funnel,  washed  with  copious  amounts  of  cold  water,  and  dried  in 
air  or  a  vacuum  desiccator  out  of  direct  light  (Note  7);  weight 
455^190  g.  (87-93%);  m.p.  163-165°  (dec.). 

The  indole-3-acetic  acid,  which  is  cream-colored,  is  of  high 
purity.  If  further  purification  is  desired,  it  may  be  done  con- 
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veniently  by  recrystallization  from  water.  One  liter  of  water  is 
used  for  30  g.  of  acid,  with  10  g.  of  decolorizing  carbon  added. 
Recovery  is  about  22  g.  of  a  nearly  colorless  product,  m.p.  164- 
166°  (dec.). 

2.  Notes 

1.  A  stirred  autoclave  is  just  as  satisfactory.  The  scale  is  not 
critical,  for  the  checkers  got  equally  good  results  on  one-third 
the  scale;  they  used  a  1-1.  rocking  autoclave. 

2.  Indole  from  the  Union  Carbide  Olefins  Company,  Institute, 
West  Virginia,  is  satisfactory. 

3.  If  the  reactants  are  added  in  this  order,  with  the  glycolic 
acid  being  introduced  over  a  5-10  minute  period,  there  is  no  vio¬ 
lent  heating  because  the  heat  of  neutralization  is  used  to  melt  the 
indole.  An  equivalent  amount  of  anhydrous  glycolic  acid  may  be 
used,  but  this  offers  no  special  advantage. 

4.  These  limits  are  not  critical,  but  they  are  probably  opti¬ 
mum.  Reaction  times  of  24-30  hours  are  not  particularly  detri¬ 
mental,  and  high  yields  of  product  can  be  obtained  within  12 
hours.  The  temperature  can  range  from  230°  to  270°  with  but 
slight  effect  on  the  yield  of  product. 

5.  This  extraction  may  be  omitted.  It  does,  however,  remove 
traces  of  neutral  material  and  consequently  gives  a  product  with 
greater  color  stability. 

6.  This  operation  is  most  conveniently  conducted  in  a  flask 
equipped  with  a  stirrer. 

7.  The  product  dries  slowly,  and  several  days  in  air  or  24  hours 
in  a  vacuum  desiccator  is  usually  required.  Considerable  colora¬ 
tion  will  result  if  this  is  done  in  direct  light.  Drying  in  a  heated 
oven  or  removing  the  water  as  a  benzene  azeotrope  is  not  satis¬ 
factory  because  of  some  decarboxylation  to  skatole.  The  product 
should  be  stored  in  a  dark  bottle  away  from  direct  sunlight. 

3.  Methods  of  Preparation 

Indole-3-acetic  acid  has  been  prepared  by  the  Fischer  indole 
synthesis,2  by  hydrolysis  of  indoleacetonitrile,3  from  the  reaction 
of  gramine-type  compounds  with  cyanide  ion  under  conditions 


66 


ORGANIC  SYNTHESES,  VOL.  44 


which  hydrolyze  the  nitrile,4  by  the  reaction  of  indole  with  ethyl 
diazoacetate  followed  by  hydrolysis,6  through  oxidation  of  indole- 
pyruvic  acid,6  and  by  ultraviolet  irradiation  of  tryptophan.7 

4.  Merits  of  the  Preparation 

This  is  the  most  convenient  method  of  preparing  indole-3- 
acetic  acid  if  an  agitated  autoclave  is  available.  The  method  can 
be  used  to  prepare  other  indole-3-acetic  acids  from  a-hydroxy 
acids.  For  example,  a-methylindole-3-acetic  acid  has  been  pre¬ 
pared  by  condensing  indole  with  lactic  acid. 

Indole-3-acetic  acid  is  a  natural  plant  auxin  and  is  used  as  a 
control  in  research  on  plant  growth. 

1.  Union  Carbide  Chemicals  Company,  South  Charleston,  West  Virginia. 

2.  A.  Ellinger,  Ber.,  37, 1801  (1904);  Z.  Tanaka,  J.  Pharm.  Soc.  Japan,  60,  74,  219 
(1940)  [C.  A.,  34,  3735,  5446  (1940)];  S.  W.  Fox  and  M.  W.  Bullock,  J.  Am. 
Chem.  Soc.,  73,  2756,  5155  (1951);  S.  W.  Fox  and  M.  W.  Bullock,  U.S.  Patents 
2,701,250  and  2,701,251  (1955)  [C.  A.,  50,  1922  (1956)];  V.  V.  Feofilaktov  and 
N.  K.  Semenova,  Akad.  Nauk  S.  S.  S.  R.,  Inst.  Org.  Khim.,  Sintezy  Org.  Soedin., 
Sb.,  2,  63  (1952)  [C.  A.,  48,  666  (1954)]. 

3.  R.  Majima  and  T.  Hoshino,  Ber.,  58,  2042  (1925);  J.  Thesing  and  F.  Schiilde, 
Ber.,  85,  324  (1952);  E.  L.  Eliel  and  N.  J.  Murphy,  J.  Am.  Chem.  Soc.,  75, 
3589  (1953). 

4.  H.  R.  Snyder  and  F.  J.  Pilgrim,  J.  Am.  Chem.  Soc.,  70,  3770  (1948);  C.  Runti 
and  G.  Orlando,  Ann.  Chim.  (Rome),  43,  308  (1953)  [C.  A.,  49,  3940  (1955)]. 

5.  S.  S.  Nametkin,  N.  N.  Mel’nikov,  and  K.  S.  Bokarev,  Zh.  Prikl.  Khim.,  29, 
459  (1956)  [C.  A.,  50,  13867  (1956)]. 

6.  J.  A.  Bently,  K.  R.  Farrar,  S.  Housley,  G.  F.  Smith,  and  W.  C.  Taylor,  Biochem. 
J.,  64,  44  (1956). 

7.  A.  Berthelot  and  G.  Amoureux,  Compt.  Rend.,  206,  699  (1938);  A.  Berthelot, 
G.  Amoureux,  and  S.  Deberque,  Compt.  Rend.  Soc.  Biol.,  131,  1234  (1939). 
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a-KETOGLUTARIC  ACID 


(Glutaric  acid,  2-oxo-) 


ch2co2c2h5 

I 

ch2co2c2h5 


+ 


co2c2h5 


co2c2h5 


C2H6ONa 
- > 


coco2c2h5  coco2h 

I  3H2O  (H+)  I 

CHC02C2H5  —  >  CH2  +  3C2H5OH  +  co2 


ch2co2c2h5  ch2co2h 


Submitted  by  E.  M.  Bottoref  and  L.  L.  Moore  1 
Checked  by  William  G.  Dauben  and  Robert  M.  Coates 


1.  Procedure 

A.  Triethyl  oxalylsuccinate.  In  a  2-1.  three-necked  flask 
equipped  with  a  sealed  stirrer  and  a  reflux  condenser  bearing  a 
calcium  chloride  drying  tube  is  placed  356  ml.  (276  g.,  6.00  moles) 
of  anhydrous  ethanol  (Note  1).  Sodium  (23  g.,  1.0  g.  atom)  is 
added  in  small  portions  at  a  rate  sufficient  to  keep  the  ethanol 
boiling.  External  heating  is  required  to  dissolve  the  last  portions 
of  the  metal.  After  all  the  sodium  has  dissolved,  the  excess 
ethanol  is  removed  by  distillation  at  atmospheric  pressure;  as 
the  mixture  becomes  pasty,  dry  toluene  is  added  in  sufficient 
amounts  to  permit  stirring  and  to  prevent  splattering  of  the  salt. 
Distillation  and  addition  of  toluene  is  continued  until  all  the 
ethanol  is  removed  and  the  contents  of  the  flask  reach  a  tem¬ 
perature  of  105°  (Note  2).  The  sodium  ethoxide  slurry  is  cooled 
to  room  temperature  and  650  ml.  of  anhydrous  ether  is  added, 
followed  by  146  g.  (1.00  mole)  of  diethyl  oxalate.  To  the  yellow 
solution  there  is  added  174  g.  (1.00  mole)  of  diethyl  succinate, 
and  the  mixture  is  allowed  to  stand  at  room  temperature  for  at 
least  12  hours. 

The  mixture  is  hydrolyzed  by  the  addition  of  500  ml.  of  water 
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with  stirring.  The  layers  are  separated,  the  ether  layer  is  washed 
with  150  ml.  of  water,  and  the  ether  layer  is  discarded.  The 
combined  aqueous  layers  are  acidified  with  100  ml.  of  12 N  hydro¬ 
chloric  acid,  and  the  layers  are  separated.  The  aqueous  layer  is 
extracted  with  three  150-ml.  portions  of  ether,  which  are  added 
to  the  oily  layer.  The  ethereal  solution  is  dried  over  anhydrous 
magnesium  sulfate,  and  the  ether  is  removed  by  evaporation 
under  water-pump  pressure  at  a  bath  temperature  of  35-45°. 
Triethyl  oxalylsuccinate,  a  yellow  oil  weighing  235-250  g.  (86- 
91%),  remains  in  the  flask  (Note  3). 

B.  a-Ketoglutaric  acid.  A  mixture  of  225  g.  (0.82  mole)  of 
triethyl  oxalylsuccinate,  330  ml.  of  12 N  hydrochloric  acid,  and 
660  ml.  of  water  is  heated  under  reflux  for  4  hours,  and  the  mix¬ 
ture  is  distilled  to  dryness  under  reduced  pressure  at  a  bath 
temperature  of  60-70°  (Note  4).  The  liquid  residue,  which  solidi¬ 
fies  readily  on  standing,  is  warmed  with  200  ml.  of  nitroethane  on 
a  steam  bath  until  it  is  in  solution.  The  warm  solution  is  filtered, 
the  funnel  is  washed  with  40  ml.  of  nitroethane,  and  the  filtrate 
is  stirred  at  0-10°  for  5  hours.  a-Ketoglutaric  acid  is  separated 
by  filtration  and  dried  at  90°  under  reduced  pressure  for  4  hours. 
It  is  obtained  as  a  tan  solid;  weight  88-99  g.  (73-83%);  m.p. 
103-110°  (Note  5). 

2.  Notes 

1.  Commercial  absolute  ethanol  is  dried  by  heating  with 
sodium  and  diethyl  succinate  and  is  then  distilled  directly  into 
the  reaction  flask. 

2.  If  the  toluene  method  to  remove  all  the  ethanol  is  not  used, 
the  yield  is  lower  by  5-10%. 

3.  Triethyl  oxalylsuccinate  begins  to  decompose  at  84°  at 
760  mm.  It  cannot  be  distilled  without  decomposition  even  at  a 
pressure  of  1  mm. 

4.  The  color  of  the  a-ketoglutaric  acid  is  darker  if  the  pot  tem¬ 
perature  goes  much  above  90°  during  the  evaporation  and  re¬ 
crystallization. 

5.  The  product  is  pure  enough  for  most  purposes.  Further 
recrystallization  from  nitroethane  does  not  improve  the  melting 
point. 


MESITOIC  ACID 


69 


3.  Methods  of  Preparation 

The  present  procedure  is  a  modification  of  one  reported  in  an 
earlier  volume  of  Organic  Syntheses .2  The  methods  used  to  pre¬ 
pare  triethyl  oxalylsuccinate  and  a-ketoglutaric  acid  are  sum¬ 
marized  in  that  volume. 

4.  Merits  of  the  Preparation 

The  advantages  of  this  procedure  over  the  earlier  version  are 
the  use  of  sodium  ethoxide  instead  of  potassium  ethoxide  and 
better  reproducibility. 

1.  Organic  Chemical  Development,  Eli  Lilly  and  Company,  Indianapolis,  Indiana. 

2.  L.  Friedman  and  E.  Kosower,  Org.  Syntheses,  Coll.  Vol.  3,  510  (1955). 


MESITOIC  ACID 


(Benzoic  acid,  2,4,6-trimethyl-) 


+  C1COCOC1 


(1)  AlClj^ 

(2)  H,0+> 


+  CO  +  2HC1 


Submitted  by  Phillip  E.  Sokol  1 

Checked  by  Melvin  S.  Newman  and  Vern  G.  DeVries 


1.  Procedure 

Caution l  The  reaction  should  be  carried  out  in  a  hood  because 
carbon  monoxide  is  evolved. 

The  apparatus  consists  of  a  2-1.  three-necked  flask  fitted  with  a 
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sealed  stirrer,  a  500-ml.  addition  funnel,  and  a  condenser  pro¬ 
tected  by  a  drying  tube  connected  to  an  alkaline  trap.  In  it  are 
placed  146  g.  (1.10  moles)  of  anhydrous  aluminum  chloride 
(Note  1)  and  700  ml.  of  dry  carbon  disulfide.  The  suspension  is 
cooled  to  10-15°  in  an  ice  bath,  and  139  g.  (1.10  moles)  of  oxalyl 
chloride  (Note  2)  is  added  dropwise  with  stirring  over  a  30-minute 
period.  After  this  addition  the  reaction  mixture  is  stirred  for 
15  minutes.  A  solution  of  120  g.  (1.00  mole)  of  mesitylene  (Note 
3)  in  200  ml.  of  dry  carbon  disulfide  is  added  dropwise  with  stir¬ 
ring  over  a  1-hour  period  to  the  mixture,  the  temperature  being 
maintained  at  10-15°.  Hydrogen  chloride  evolution  is  observed 
after  about  5  minutes,  and  a  red  complex  soon  forms. 

After  the  addition  is  completed,  the  reaction  mixture  is  refluxed 
for  1  hour  and  is  then  poured  very  cautiously  with  manual  stir¬ 
ring  onto  a  mixture  of  2  kg.  of  crushed  ice  and  300  ml.  of  12 N 
hydrochloric  acid  in  a  4-1.  beaker.  The  mixture  thus  formed  is 
extracted  with  three  250-ml.  portions  of  carbon  tetrachloride. 
The  combined  organic  extracts  are  washed  with  two  500-ml.  por¬ 
tions  of  water,  and  the  acid  is  then  extracted  with  500  ml.  of  ice- 
cold  10%  sodium  hydroxide  solution.  The  aqueous  extract  is 
then  slowly  added  to  250  ml.  of  6N  hydrochloric  acid.  The  sus¬ 
pension  is  cooled,  and  the  mesitoic  acid  is  separated  by  filtration, 
washed  thoroughly  with  water,  and  dried.  The  colorless  crude 
acid  (m.p.  149-150°)  weighs  106-124  g.  (65-76%)  (Note  4)  and 
is  sufficiently  pure  for  most  purposes  (Note  5). 

2.  Notes 

1.  Good  results  have  been  obtained  with  several  different  varie¬ 
ties  of  anhydrous  aluminum  chloride. 

2.  High-purity  commercial  oxalyl  chloride  was  used  without 
further  purification. 

3.  Commercial  mesitylene  of  high  purity  (99+%)  was  used. 

4.  Similar  yields  were  obtained  when  experiments  were  run  on 
a  0.10-mole  scale. 

5.  For  recrystallization,  10  g.  of  crude  acid  is  dissolved  in  20 
ml.  of  45%  methanol  at  reflux.  About  9.5  g.  of  mesitoic  acid, 
m.p.  153-154°  (uncor.),2 3 4 5  is  obtained. 
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3.  Methods  of  Preparation 

Mesitoic  acid  has  been  prepared  by  carbonation  of  mesityl- 
magnesium  bromide; 2-4  by  hydrolysis  of  its  amide  prepared  by 
condensation  of  mesitylene  with  carbamyl  chloride  under  the 
influence  of  aluminum  chloride; 5  by  oxidation  of  isodurene  with 
dilute  nitric  acid;6'7  by  distillation  of  2,4,6-trimethylmandelic 
acid  (low  yield);8  by  dry  distillation  of  2,4,6-trimethylphenyl- 
glyoxylic  acid; 9  by  oxidation  of  the  latter  with  potassium  per¬ 
manganate;  10  and  by  treating  2,4,6-trimethylphenylglyoxylic 
acid  with  concentrated  sulfuric  acid  in  the  cold 11  or  with  heating.12 

4.  Merits  of  the  Preparation 

The  method  described  in  this  preparation  of  mesitoic  acid 
avoids  the  preparation  of  bromomesitylene,13  and  the  yield  of  acid 
is  essentially  the  same  as  that  from  the  two-step  synthesis.2- 13 
This  procedure  appears  to  be  general  and  can  be  used  to  prepare 
such  acids  as  a-  and  /3-naphthoic  acids,14  cumenecarboxylic  acid, 
2,5-dimethylbenzoic  acid,  and  durenecarboxylic  acid.  Car¬ 
boxylic  acids  could  not  be  obtained  from  benzothiophene,  vera- 
trole,  ^-dimethoxybenzene,  and  ferrocene  under  the  conditions 
of  this  reaction.  Although  there  has  been  no  exhaustive  study, 
this  procedure  is  probably  applicable  to  a  variety  of  aromatic 
compounds,  especially  alkylated  aromatics.  Aromatic  com¬ 
pounds  which  readily  undergo  oxidation,  e.g.,  ferrocene,  catechol, 
and  hydroquinone,  do  not  lend  themselves  to  this  method. 

1.  Northwestern  University,  Evanston,  Illinois;  present  address,  De  Soto  Chemi¬ 
cal  Coatings,  Chicago  23,  Illinois. 

2.  D.  M.  Bowen,  Org.  Syntheses,  Coll.  Vol.  3,  553  (1955). 

3.  R.  P.  Barnes,  Org.  Syntheses,  Coll.  Vol.  3,  555  (1955). 

4.  E.  P.  Kohler  and  R.  Baltzly,  J .  Am.  Chem.  Soc.,  54,  4015  (1932). 

5.  A.  Michael  and  K.  J.  Oechslin,  Ber.,  42,  329  (1909). 

6.  P.  Jannasch  and  M.  Weiler,  Ber.,  27,  3444  (1894). 

7.  0.  Jacobsen,  Ber.,  15,  1855  (1882). 

8.  V.  Meyer  and  W.  Molz,  Ber.,  30,  1273  (1897). 

9.  E.  Feith,  Ber.,  24,  3544  (1891). 

10.  A.  Claus,  J.  Prakt.  Chem.,  (2)  41,  506  (1890). 

11.  S.  Hoogewerff  and  W.  A.  Van  Dorp,  Rec.  Trav.  Chim.,  21,  358  (1902). 

12.  M.  L.  van  Scherpenzeel,  Rec.  Trav.  Chim.,  19,  377  (1900). 

13.  L.  I.  Smith,  Org.  Syntheses,  Coll.  Vol.  2,  95  (1943). 

14.  L.  Gattermann,  Ann.,  244,  56  (1888). 
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N-METHYLBUTYL  AMINE 
(Butylamine,  N-methyl-) 

c6h6cho  +  c4h9nh2  — — >  c6h5ch=nc4h9  (CH3°)2S°2> 

—  xijCj 

C6H5CH==N(CH3)C4H9  ch3oso3- 

+  2NaOH 

c6h5cho  +  ch3oh  +  c4h9nh2ch3  so3h~ - > 

C4H9NHCH3  +  Na2S04  +  2H20 

Submitted  by  John  J.  Lucier,  Arlo  D.  Harris,  and  Philip  S.  Korosec  1 

Checked  by  Max  Tishler  and  M.  Bennett. 

1.  Procedure 

A  1-1.  round-bottomed  flask  fitted  with  a  reflux  condenser 
bearing  a  soda-lime  drying  tube  is  successively  charged  with  100 
ml.  of  anhydrous  benzene,  36.6  g.  (0.50  mole)  of  w-butylamine, 
and  63.7  g.  (61  ml.,  0.60  mole)  of  benzaldehyde  (Note  1).  The 
mixture  is  heated  under  reflux  for  30  minutes  (Note  2).  The  con¬ 
denser  is  replaced  by  a  Claisen  distillation  head,  and  the  mixture 
is  distilled  until  the  temperature  reaches  100°  (Note  3).  The 
residue,  which  is  mostly  N-benzylidenebutylamine,  is  cooled, 
and  the  distillation  head  is  replaced  by  the  reflux  condenser  bear¬ 
ing  a  soda-lime  drying  tube. 

A  solution  of  75.6  g.  (57  ml.,  0.60  mole)  of  dimethyl  sulfate 
{Toxic!  Note  4)  in  200  ml.  of  anhydrous  benzene  is  added 
through  the  condenser  with  intermittent  swirling  (Note  2).  The 
mixture  is  then  heated  gently.  After  a  short  period  (about  10 
minutes)  the  reaction  becomes  mildly  vigorous,  and  the  heating 
is  stopped  (Note  5).  The  ebullition  subsides  after  about  10  min¬ 
utes.  The  mixture  is  heated  under  reflux  for  30  minutes.  It  is 
then  steam-distilled  until  the  distillate  becomes  clear;  about  500 
ml.  of  distillate  is  collected  (Note  6).  The  residue  is  cooled  in  an 
ice  bath,  and  60  g.  (1.5  moles)  of  sodium  hydroxide  is  added  with 
continuous  swirling.  The  layers  are  separated,  and  the  amine 
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layer  is  dried  for  several  hours  over  5  g.  of  sodium  hydroxide. 
The  amine  layer  is  separated,  dried  over  a  second  5-g.  portion  of 
sodium  hydroxide  (Note  7),  and  distilled  from  a  50-ml.  Claisen 
flask  containing  2  g.  of  sodium  hydroxide.  N-Methylbutylamine 
is  collected  at  86-90°(745  mm.);  weight  19.6-23.0  g.  (45-53%); 
n20 d  1.4010-1.4020.  The  product  contains  3-5%  of  impurity 
according  to  vapor-phase  chromatographic  analysis. 

2.  Notes 

1.  The  benzaldehyde  and  w-butylamine  were  obtained  from 
the  Eastman  Kodak  Company  (white  label  grade).  The  benz¬ 
aldehyde  was  used  without  further  purification.  The  «-butyl- 
amine  was  redistilled  before  use. 

The  checkers  dried  benzene  over  sodium-lead  alloy  (dri-Na, 
Baker).  Its  water  content  was  less  than  0.1  mg.  per  ml.  by  Karl 
Fischer  titration. 

2.  The  checkers  stirred  the  mixture  with  a  magnetic  stirrer. 

3.  This  distillation  is  carried  out  to  remove  the  water  formed 
by  the  first  reaction.  No  more  water  comes  over  after  the  tem¬ 
perature  reaches  100°.  Toward  the  end  of  distillation,  slight 
bumping  may  occur. 

4.  The  dimethyl  sulfate  was  purchased  from  Matheson,  Cole¬ 
man  and  Bell  and  was  used  without  further  purification.  Both 
the  liquid  and  the  vapors  of  dimethyl  sulfate  are  toxic,  and  the 
compound  must  be  handled  with  care. 

5.  An  ice  bath  should  be  kept  ready  to  restrain  the  reaction  if 
necessary. 

6.  In  a  simpler  alternative  to  steam  distillation,  200  ml.  of 
water  is  added  to  the  benzene  solution,  and  the  mixture  is  vigor¬ 
ously  stirred  under  gentle  reflux  for  20  minutes.  The  mixture  is 
cooled  to  room  temperature.  The  aqueous  layer  is  separated, 
extracted  with  100  ml.  of  ether  to  remove  traces  of  benzaldehyde, 
and  then  treated  with  60  g.  of  sodium  hydroxide  as  in  the  present 
procedure.2 

7.  If  a  larger  portion  of  sodium  hydroxide  is  used,  a  semisolid 
mass  is  formed  from  which  the  product  can  be  separated  only  with 
difficulty. 
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3.  Methods  of  Preparation 

Unsymmetrical  secondary  aliphatic  amines  have  been  pre¬ 
pared  by  reaction  of  alkyl  halides  with  benzylidene  amines  and 
subsequent  hydrolysis; 8’4  by  reaction  of  alkyl  halides  with  alkyl 
amines; 5  by  reduction  of  amine-aldehyde  adducts; 6-8  and  by 
dealkylation  of  tertiary  amines  with  dibenzoyl  peroxide.9 

In  the  present  procedure,  the  method  of  Decker  and  Becker  3 
has  been  modified  by  substitution  of  a  dialkyl  sulfate  for  the  cor¬ 
responding  alkyl  halide. 

4.  Merits  of  the  Preparation 

The  procedure  is  a  general  one  for  the  preparation  of  unsym¬ 
metrical  aliphatic  amines,  for  the  submitters  have  used  it  to  ob¬ 
tain  good  yields  of  N-methylpentylamine,  N-methylhexylamine, 
N-methylheptylamine,  N-ethylbutylamine,  N-ethylpentylamine, 
and  N-ethylheptylamine. 

Compared  to  the  procedure  of  Decker  and  Becker  3  and  that 
of  Wawzonek,  McKillip,  and  Peterson  in  this  volume,4  the 
present  procedure  has  the  advantages  of  being  simpler  and  using 
cheaper  alkylating  agents.  It  tends  to  give  lower  yields  and  less 
pure  products  than  the  procedure  of  Wawzonek,  McKillip,  and 
Peterson. 

1.  Department  of  Chemistry,  University  of  Dayton,  Dayton,  Ohio.  This  work 
was  supported  by  Wright  Air  Development  Division  of  the  United  States  Air 
Force,  Air  Research  and  Development  Command,  under  Contract  No.  AF 
35(616)6607. 

2.  C.  L.  Dickinson  (E.  I.  du  Pont  de  Nemours  and  Co.),  private  communication. 

3.  H.  Decker  and  P.  Becker,  Ann.,  395,  362  (1913). 

4.  S.  Wawzonek,  W.  McKillip,  and  C.  J.  Peterson,  this  volume,  p.  75. 
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N-METHYLETHYLAMINE 
(Ethylamine,  N-methyl-) 

c6h5cho  +  c2h5nh2  ->  C6H5CH=NC2H5 
C6H5CH=N(CH3)C2H5 1-  ^ 

C6H5CHO  +  C2H5NH2CH3  I-  ^4 

C2H5NHCH3  +  Nal  +  H20 

Submitted  by  S.  Wawzonek,  W.  McKillep,  and  C.  J.  Peterson  1 
Checked  by  J.  K.  Williams,  H.  E.  Winberg,  C.  L.  Dickinson, 
and  B.  C.  McKusick 

1.  Procedure 

A.  N-Benzylideneethylamine.  Benzaldehyde  (466  g.,  4.40 
moles)  is  placed  in  a  2-1.  three-necked  flask  equipped  with  a 
mechanical  stirrer  and  a  thermometer.  The  flask  is  cooled  to  5° 
in  an  ice  bath,  and  200  g.  (4.44  moles)  of  anhydrous  ethylamine 
(Note  1)  is  added  to  the  stirred  benzaldehyde  at  such  a  rate  that 
the  temperature  remains  below  15°;  about  50  minutes  is  required 
for  the  addition.  The  mixture  is  stirred  for  an  additional  30 
minutes  at  room  temperature  and  allowed  to  stand  for  1  hour. 

The  condenser  is  arranged  for  downward  distillation,  and  the 
water  is  removed  from  the  product  by  codistillation  with  200  ml. 
of  benzene.  The  residue,  N-benzylideneethylamine,  is  purified 
by  distillation  through  a  25-cm.  Fenske  column;  b.p.  52-53°  (4.5 
mm.);  n23 d  1.5400;  weight  470-523  g.  (80-89%)  (Note  2). 

B.  N-Methylethylamine.  N-Benzylideneethylamine  (133  g., 
1.00  mole)  is  heated  with  156  g.  (1.10  moles)  of  methyl  iodide 
(Note  3)  in  a  300-ml.  pressure  bomb  at  100°  for  24  hours  (Note 
4).  The  bomb  is  cooled  to  50°  (Note  5),  and  the  dark,  viscous  oil 
is  poured  into  a  1-1.  beaker  containing  200  ml.  of  water.  The 
bomb  is  rinsed  with  three  50-ml.  portions  of  water,  and  the  wash¬ 
ings  are  combined  with  the  main  solution.  The  resulting  mixture 
is  heated  with  manual  stirring  on  a  steam  bath  for  20  minutes 
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and  then  cooled  in  an  ice  bath  to  room  temperature.  The  result¬ 
ing  mixture  is  extracted  with  two  75-ml.  portions  of  ether  (Note 
6).  The  ether  layer  is  washed  with  two  50-ml.  portions  of  water, 
and  the  washings  are  combined  with  the  main  aqueous  layer, 
which  is  then  heated  at  100°  on  a  steam  bath  for  20  minutes  to 
remove  traces  of  ether. 

For  the  liberation  of  N-methylethylamine,  a  1-1.  Claisen  flask 
is  equipped  with  a  250-ml.  separatory  funnel  and  an  efficient 
condenser  for  distillation.  The  receiver  is  cooled  with  a  mixture 
of  acetone  and  dry  ice  (Note  7).  A  solution  of  100  g.  (2.5  moles) 
of  sodium  hydroxide  in  100  ml.  of  water  is  added  to  the  flask 
and  kept  at  about  100°  by  heating  on  a  steam  bath.  The  aqueous 
solution  of  N-methylethylamine  hydriodide  is  added  to  this 
solution  through  the  separatory  funnel  in  the  course  of  1.5  hours. 
After  the  addition  is  complete,  the  final  solution  is  heated  for  an 
additional  30  minutes.  Crude  N-methylethylamine,  b.p.  30-70°, 
collects  in  the  cooled  receiver.  It  is  purified  by  distillation  from 
25  g.  of  solid  potassium  hydroxide  in  a  250-ml.  modified  Claisen 
flask  fitted  with  a  25-cm.  Fenske  column  and  a  receiver  cooled 
by  dry  ice  and  acetone.  N-Methylethylamine  is  collected  at 
34-35°;  weight  49-55  g.  (83-93%);  n2 3 4 5 d  1.3830. 

2.  Notes 

1.  The  ethylamine  is  cooled  to  5°  to  prevent  loss  by  evapora¬ 
tion.  Addition  is  made  directly  from  the  bottle  with  intermittent 
cooling  in  an  ice  bath. 

2.  The  aldimine  need  not  be  distilled  but  can  be  used  directly 
in  the  next  step. 

3.  Dimethyl  sulfate,  when  substituted  for  the  methyl  iodide, 
reacts  vigorously  with  the  aldimine  at  ice-bath  temperatures  and 
gives  a  49%  yield  of  N-methylethylamine  together  with  con¬ 
siderable  tar. 

4.  Four  times  these  amounts  have  been  used  for  N-methyl- 
butylamine  with  equal  success. 

5.  The  pressure  bomb  is  opened  while  still  warm  (50°).  If 
the  bomb  is  allowed  to  cool  below  this  temperature,  the  product 
solidifies  and  removal  becomes  a  problem. 
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6.  The  benzaldehyde  may  be  recovered  after  removal  of  the 
ether. 

7.  Because  of  the  low  boiling  point  of  N-methylethylamine, 
there  must  be  efficient  cooling  or  a  portion  of  the  product  will  be 
lost. 

3.  Methods  of  Preparation 

This  procedure  is  a  modification  of  the  method  used  for  N- 
methylallylamine.2 

N-Methylethylamine  has  been  prepared  by  heating  ethyl- 
amine  with  methyl  iodide  in  alcohol  at  100°; 3  by  the  hydrolysis 
of  N-methyl-N-ethylarenesulfonamides,4’6  ^-nitroso-N-methyl- 
N-ethylaniline,6  or  methylethylbenzhydrylidene  ammonium  io¬ 
dide;  7  by  catalytic  hydrogenation  of  ethyl  isocyanate  or  ethyl 
isocyanide ;  8  and  by  the  reduction  of  ethyl  isocyanate  by  lithium 
aluminum  hydride,9  of  N-methylacetisoaldoxime  by  sodium 
amalgam  and  acetic  acid,10  or  of  a  nitromethane/ethylmagnesium 
bromide  adduct  by  zinc  and  hydrochloric  acid.11 

4.  Merits  of  the  Preparation 

This  preparation  illustrates  a  general  method  for  the  synthesis 
of  N-methylalkylamines.  The  submitters  have  used  it  to  prepare 
N-methylbutylamine  (Note  4)  and  N-methylallylamine,  and  the 
checkers  have  used  it  to  prepare  N-methylisopropylamine  (80%), 
N-methylisobutylamine  (67%),  N-methyl-/er/-butylamine  (52%), 
and  N-methyl-2-methoxyethylamine  (55%).  Secondary  amines 
are  useful  as  starting  materials  for  the  synthesis  of  1,1-disubsti- 
tuted  hydrazines  and  asymmetric  amine  imides. 

The  method  gives  better  yields,  utilizes  more  readily  available 
starting  materials,  and  is  much  less  laborious  than  the  hydrolysis 
of  N-methyl-N-alkylarenesulfonamides  and  ^-nitroso-N,  N-di- 
alkylanilines,  or  the  lithium  aluminum  hydride  reduction  of  alkyl 
isocyanates.  Compared  to  the  closely  related  procedure  of 
Lucier,  Harris,  and  Korosec,12  in  which  the  N-benzylidenealkyl- 
amine  is  treated  with  dialkyl  sulfate  at  atmospheric  pressure,  the 
present  procedure  tends  to  give  higher  yields  and  purer  products, 
but  it  is  less  convenient  because  of  the  need  for  a  pressure  vessel. 
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PENTACHLOROBENZOIC  ACID 
(Benzoic  acid,  pentachloro-) 

Cl  MgCl 


Submitted  by  D.  E.  Pearson  and  Dorotha  Cowan  1 
Checked  by  Virgil  Boekelheide  and  Fred  G.  H.  Lee 

1.  Procedure 

Magnesium  turnings  (39  g.,  1.6  g.  atoms)  and  hexachloroben- 
zene  (142.4  g.,  0.5  mole,  m.p.  228-229°)  in  1  1.  of  dry  ether  are 
brought  to  gentle  reflux  in  a  3-1.  three-necked  flask  heated  by  a 
Glascol®  mantle  at  20  volts  (Note  1).  Ethylene  bromide  (188 
g.,  1.0  mole)  in  200  ml.  of  dry  benzene  is  added  through  a  Hersh- 
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berg  funnel 2  over  a  period  of  48  hours  (about  1  drop/25  seconds) 
(Note  2).  Efficient  stirring  is  maintained  throughout  the  period 
of  addition,  during  which  the  reaction  mixture  turns  dark  brown 
and  forms  a  precipitate.  The  mixture  is  cooled  to  room  tempera¬ 
ture,  and  carbon  dioxide,  generated  from  dry  ice  and  dried  by 
passage  through  anhydrous  calcium  chloride,  is  added  under  the 
surface  of  the  stirred  mixture  for  at  least  3  hours  and  at  such  a 
rate  as  to  minimize  clogging  of  the  entrance  tube  (Note  3).  After 
this  addition  10%  aqueous  hydrochloric  acid  is  added  slowly 
until  the  mixture  is  strongly  acid.  The  ether  and  benzene  are 
removed  by  distillation,  and  the  crude  pentachlorobenzoic  acid 
left  in  the  water  is  removed  by  filtration  and  is  washed  free  of 
salts  with  water.  The  dark-brown  damp  acid  is  converted  to 
the  ammonium  salt  by  repeated  extraction  with  hot  dilute  am¬ 
monium  hydroxide  (1  part  by  volume  of  concentrated  ammonium 
hydroxide  and  2  parts  of  water)  followed  by  decantation.  The 
combined  decanted  solutions  are  treated  with  Norit®  while 
still  hot,  filtered,  and  then  strongly  acidified  while  still  hot  with 
concentrated  hydrochloric  acid.  The  precipitated  acid  is  di¬ 
gested  for  at  least  several  hours  (Note  4).  After  the  suspension 
has  been  cooled,  the  crude  brown-colored  acid  is  removed  by 
filtration,  washed  with  cold  water,  and  air-dried  to  give  113  g. 
(77%)  of  product.  The  crude  acid  is  recrystallized  from  900  ml. 
of  50%  aqueous  methanol  to  yield  95  g.  (65%)  of  tan-colored 
needles,  m.p.  202-206°  (Note  5). 

2.  Notes 

1.  The  atomic  proportions  of  magnesium  are  not  related  to 
the  mole  quantity  of  hexachlorobenzene  in  this  or  any  other  en¬ 
trainment  reaction.  The  excess  magnesium  (1.1  g.  atoms  in  this 
case)  is  used  to  react  with  ethylene  bromide  and  leave  0.5  g. 
atom  of  clean-surfaced  magnesium.  Ordinarily  1  mole  of  en¬ 
trainment  reagent  is  used  per  mole  of  “inert”  halide,  but  for  this 
preparation  2  moles  of  entrainment  reagent  per  mole  of  halide 
gives  a  better  yield. 

2.  Little  attention  is  needed  provided  that  the  capillary  tube 
is  fitted  properly.  The  capillary  tube  of  the  Hershberg  dropping 
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funnel  should  be  about  4.5  in.  long,  and  a  Band  S  24  platinum 
wire  should  be  inserted  to  fit  very  snugly. 

3.  A  T-tube  in  the  carbon  dioxide  stream  serves  to  bypass  the 
gas  if  its  rate  of  addition  is  too  rapid.  Also,  the  T-tube  is  large 
enough  to  permit  the  insertion  of  a  plunger  to  dislodge  particles 
within  the  mouth  of  the  tube. 

4.  Without  digestion  the  acid  will  contain  appreciable  amounts 
of  the  ammonium  salt.  In  an  alternative  method  of  purification 
the  crude  acid  is  converted  to  the  insoluble  sodium  salt.  The 
sodium  salt  can  be  recrystallized  from  95%  ethanol  to  give  flaky 
white  crystals,  m.p.  339-340°.  Digestion  of  the  sodium  salt  with 
1  part  of  concentrated  hydrochloric  acid  and  1  part  of  water 
yields  the  free  acid.  From  10  g.  of  crude  acid,  7.3  g.  of  purified 
acid  can  be  obtained  from  the  sodium  salt.  The  free  acid  is  re¬ 
ported  to  crystallize  well  from  toluene  and  light  petroleum  ether.3 

5.  The  melting  point  is  reported  variously  in  the  range  from 
199°  to  208°. 4  The  acid  is  colorless  if  purified  by  conversions 
through  the  sodium  salt  (Note  4),  but  the  yield  is  lower. 

3.  Methods  of  Preparation 

Pentachlorobenzoic  acid  has  been  prepared  by  oxidation  of 
pentachlorotoluene  with  nitric  acid  and  mercury,3  by  oxidation 
of  pentachlorobenzaldehyde  by  potassium  permanganate,5  and 
by  chlorination  of  tetrachlorophthalyl  chloride  6  and  of  dichloro- 
benzoic  acids.7  Pentachlorobenzoic  acid  recently  has  been  pre¬ 
pared  by  the  exhaustive  chlorination  of  benzoic  acid  in  sulfuric 
acid  containing  iodine.8  The  present  procedure  has  been  adapted 
from  that  of  Pearson,  Cowan,  and  Beckler.9 

4.  Merits  of  the  Preparation 

Ethylene  bromide  has  been  demonstrated  to  be  as  efficient  as 
ethyl  bromide  as  an  entrainment  agent.9  Its  use  is  advantageous 
because  a  second  Grignard  reagent  is  not  introduced  in  the  reac¬ 
tion  mixture — only  magnesium  bromide.  An  additional  feature 
of  this  preparation  and  of  most  preparations  involving  entrain¬ 
ment  agents  is  the  slow  rate  of  addition  of  the  entrainer,  which 
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permits  adequate  time  for  the  "inert”  halide  (in  this  preparation, 
hexachlorobenzene)  to  react  on  the  bright,  clean  surfaces  of  the 
magnesium  turnings. 

Although  pentachlorophenylmagnesium  chloride  can  be  made 
in  tetrahydrofuran  without  the  use  of  the  entrainment  method, 
the  Grignard  reagent  in  this  solvent  does  not  react  with  carbon 
dioxide  to  give  pentachlorobenzoic  acid  in  good  yield.10 
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WARNING 


It  has  been  reported  that  the  evaporation  of  a  chloroform 
solution  of  peroxybenzoic  acid  (perbenzoic  acid)  according  to  the 
directions  published  in  this  series 1  has  resulted  in  a  heavy  explo¬ 
sion.  Hence  suitable  precautions  should  be  observed  in  carrying 
out  solvent  evaporations  from  solutions  of  peroxybenzoic  acid. 
Such  precautions  and  other  useful  information  have  been  given 
elsewhere  in  this  series.2 

1.  Org.  Syntheses,  Coll.  Vol.  1,  431  (1941). 

2.  Org.  Syntheses,  43,  95  (1963);  see  Note  7. 
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PHENYLSULFUR  TRIFLUORIDE 
(Benzenesulfenyl  trifluoride) 

(C6H5S)2  +  6AgF2  -»  2C6H5SF3  +  6AgF 

Submitted  by  William  A.  Sheppard  1 
Checked  by  E.  S.  Glazer  and  John  D.  Roberts 

1.  Procedure 

Caution!  Phenylsulfur  trifluoride  and  by-products  (e.g.,  hydrogen 
fluoride  from  hydrolysis)  are  toxic,  and  all  manipulations  should  be 
carried  out  in  a  good  hood.  Silver  difluoride  is  a  powerful  oxidative 
fluorinating  agent  and  reacts  vigorously  with  many  organic  mate¬ 
rials.  These  reagents  should  not  be  allowed  to  come  in  contact  with 
the  skin. 

A  1-1. ,  four-necked,  round-bottomed  flask  equipped  with  reflux 
condenser,  sealed  stirrer,  thermometer,  and  solid  addition  funnel 2 
and  protected  from  atmospheric  moisture  with  a  Drierite®  guard 
tube  is  carefully  dried  and  flushed  with  a  dry  inert  gas  (Note  1). 
The  flask  is  charged  with  453  g.  (3.1  moles)  of  silver  difluoride 
(Note  2)  and  500  ml.  of  l,l,2-trichloro-l,2,2-trifluoroethane 
(Note  3),  and  phenyl  disulfide  (100  g.,  0.458  mole)  (Note  4)  is 
weighed  into  the  solid  addition  funnel.  The  stirrer  is  started, 
and  phenyl  disulfide  is  added  to  the  slurry  in  small  portions.  An 
exothermic  reaction  occurs,  and  after  the  addition  of  several  por¬ 
tions  the  reaction  mixture  reaches  a  temperature  of  40°  (Note  5). 
By  intermittent  use  of  a  cooling  bath  and  by  adjusting  the  rate 
of  addition  of  the  disulfide,  the  reaction  temperature  may  be 
maintained  between  35°  and  40°.  The  addition  of  the  phenyl 
disulfide  requires  45-60  minutes.  On  completion  of  the  addition 
the  suspension  of  black  silver  difluoride  has  been  converted  to 
yellow  silver  monofluoride,  and  the  exothermic  reaction  gradually 
subsides.  The  reaction  mixture  is  stirred  for  an  additional  15-30 
minutes  without  external  cooling  and  then  quickly  heated  to 
reflux. 

The  reaction  mixture  is  filtered  hot  through  a  fluted  filter  paper 
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under  a  blanket  of  dry  nitrogen  into  a  dry,  1-1.,  round-bottomed 
flask.  The  residue  of  solid  silver  fluoride  is  washed  with  a  total 
of  500  ml.  of  boiling  l,l,2-trichloro-l,2,2-trifluoroethane  in  por¬ 
tions  (Note  6).  The  filtrates  are  combined  and  distilled  through 
a  short  Vigreux  column,  an  oil  bath  not  heated  over  70°  being 
used  (Note  7).  The  residue  of  phenylsulfur  trifluoride  is  trans¬ 
ferred  to  a  200-ml.  round-bottomed  flask  and  distilled,  b.p.  47- 
48°  (2.6  mm.),  through  a  Claisen-type  distillation  column,  dis¬ 
carding  a  small  fore-run.  The  product  is  obtained  in  a  yield  of 
84-92  g.  (55-60%)  as  a  colorless  liquid,  m.p.  -10°  (Note  8). 
Since  phenylsulfur  trifluoride  slowly  attacks  Pyrex®  glass,  it 
should  be  used  immediately.  It  can  be  stored  for  several  days 
in  glass  at  —80°  or  in  polyethylene,  however,  and  may  be  stored 
indefinitely  at  room  temperature  in  bottles  of  Teflon®  polytetra- 
fluoroethylene  resin  or  aluminum  (Note  9). 

2.  Notes 

1 .  The  equipment  should  be  dried  carefully  by  the  techniques 
normally  employed  when  preparing  for  a  Grignard  reaction.  Dry 
nitrogen  gas  was  normally  employed  to  flush  the  apparatus,  but 
any  dry  inert  atmosphere,  or  dry  air,  could  be  employed. 

2.  A  technical  grade  of  silver  difluoride  (approximately  85%) 
is  available  from  Harshaw  Chemical  Company.  Better  grades 
of  silver  difluoride  are  available  and  may  be  employed.  It  is 
important  that  the  silver  difluoride  be  a  black  powder.  If  the 
material  is  light  brown  and  lumpy,  a  lower  yield  of  product  may 
be  obtained.  Normally,  the  contents  of  a  1-lb.  can  (approxi¬ 
mately  435-470  g.)  are  employed. 

3.  l,l,2-Trichloro-l,2,2-trifluoroethane  (trademark  “Freon- 
113”),  b.p.  47°,  is  available  from  the  Organic  Chemicals  Depart¬ 
ment,  E.  I.  du  Pont  de  Nemours  and  Company,  Wilmington, 
Delaware. 

4.  Eastman’s  white  label  grade  phenyl  disulfide  is  suitable. 

5.  Caution  must  be  exercised  in  the  addition  of  the  phenyl 
disulfide.  There  is  a  short  induction  period  between  the  addition 
of  disulfide  and  the  exothermic  reaction.  If  the  disulfide  is  added 
too  rapidly,  a  vigorous  exothermic  reaction,  which  is  difficult  to 
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control,  will  result.  The  extensive  use  of  a  cooling  bath  should 
be  avoided  because  the  reaction  rate  is  sufficiently  slow  at  lower 
temperatures  to  allow  buildup  of  reactants  and  the  development 
of  a  vigorous,  uncontrollable  reaction. 

6.  Etching  of  the  glass  equipment  is  reduced  to  a  minimum  if 
all  equipment  used  in  the  preparation  and  subsequent  manipula¬ 
tion  is  rinsed  with  water  and  acetone  immediately  after  use. 

7.  The  Freon®  solvent  may  be  removed  under  reduced  pres¬ 
sure  in  order  to  shorten  the  distillation  time.  Since  phenylsulfur 
trifluoride  attacks  glass,  the  total  time  involved  in  the  prepara¬ 
tion  and  distillation  in  the  glass  equipment  should  be  kept  to  a 
maximum  of  a  few  hours.  It  is  recommended  that  the  column 
be  changed  after  distillation  of  the  Freon®.  If  the  preparation 
cannot  be  completed  within  a  day,  the  Freon®  solution  of  crude 
phenylsulfur  trifluoride  may  be  stored  in  polyethylene  bottles 
overnight. 

8.  In  contact  with  moisture  of  glass,  phenylsulfur  trifluoride 
develops  pink,  green,  or  bluish  colors.  A  small  amount  of  dis¬ 
coloration  does  not  appear  to  affect  the  quality.  Phenylsulfur 
trifluoride  prepared  in  glass  equipment  always  contains  a  few 
percent  of  phenylsulfinyl  fluoride.  The  amount  of  this  impurity 
depends  on  the  care  taken  to  exclude  moisture  during  preparation 
and  manipulation. 

9.  Phenylsulfur  trifluoride  slowly  oozes  through  polyethylene 
bottles  after  storage  for  several  days.  However,  a  sample  of 
phenylsulfur  trifluoride  has  been  stored  in  a  bottle  of  Teflon® 
for  several  years  without  decomposition.  Storage  in  a  dry 
atmosphere  in  a  well- ventilated  area  is  recommended. 

3.  Methods  of  Preparation 

Phenylsulfur  trifluoride  has  been  prepared  only  by  the  present 
method.3’ 4 

4.  Merits  of  the  Preparation 

This  procedure  illustrates  a  fairly  general  method  for  the 
preparation  of  alkyl-  and  arylsulfur  trifluorides.  The  method 
has  also  been  applied  to  the  synthesis  of  nitrophenyl-,  tolyl-, 
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and  fluorobutylsulfur  trifluorides,3- 4  and  it  is  probably  applica¬ 
ble  to  any  disulfide  that  does  not  contain  groups  reactive  with 
silver  difluoride.  2,4-Dinitrophenyl-  and  perfluoroalkylsulfur 
trifluorides  have  been  prepared  by  reaction  of  disulfides  with 
fluorine  or  by  electrolytic  fluorination.5-6  These  other  routes  to 
sulfur  trifluoride  compounds  are  not  general  or  convenient,  and 
they  often  give  low  yields. 

The  sulfur  trifluoride  compounds  are  useful  as  selective  agents 
for  conversion  of  carbonyl  and  carboxyl  groups  to  difluorometh- 
ylene  7  and  trifluoromethyl  groups,3- 4  respectively,  and  as  inter¬ 
mediates  for  synthesis  of  arylsulfur  pentafluorides.3- 8 

1.  Contribution  No.  670  from  the  Central  Research  Department,  Experimental 
Station,  E.  I.  du  Pont  de  Nemours  and  Company. 

2.  R.  C.  Fuson,  E.  C.  Horning,  S.  P.  Rowland,  and  M.  L.  Ward,  Org.  Syntheses, 
Coll.  Vol.  3,  549  (1955);  see  Note  7. 

3.  W.  A.  Sheppard,  J.  Am.  Chem.  Soc.,  82,  4751  (1960). 

4.  W.  A.  Sheppard,  J.  Am.  Chem.  Soc.,  84,  3058  (1962). 

5.  D.  L.  Chamberlain  and  N.  Kharasch,  J.  Am.  Chem.  Soc.,  77,  1041  (1955). 

6.  J.  Burdon  and  J.  C.  Tatlow,  “Advances  in  Fluorine  Chemistry,”  edited  by 
M.  Stacey,  J.  C.  Tatlow,  and  A.  G.  Sharpe,  Academic  Press,  Inc.,  New  York, 
1960,  p.  151. 

7.  W.  A.  Sheppard,  this  volume,  p.  39. 

8.  W.  A.  Sheppard,  J.  Am.  Chem.  Soc.,  84,  3064  (1962). 
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Submitted  by  H.  U.  Daeniker  and  C.  A.  Grob  1 
Checked  by  E.  Ciganek,  W.  R.  Hertler,  A.  D.  Josey, 
and  B.  C.  McKusick 

1.  Procedure 


A.  l-Carbethoxymethyl-4-carbethoxypyridinium  bromide.  A  so¬ 
lution  of  151  g.  (1.00  mole)  of  ethyl  isonicotinate  (Note  1)  and 
167  g.  (1.00  mole)  of  ethyl  bromoacetate  in  500  ml.  of  ethanol  is 
allowed  to  stand  overnight  at  room  temperature  in  a  1-1.  round- 
bottomed  flask  equipped  with  a  reflux  condenser  (Note  2).  The 
mixture  is  then  heated  at  the  reflux  temperature  for  4  hours. 
The  resulting  solution  of  l-carbethoxymethyl-4-carbethoxypy- 
ridinium  bromide  is  used  directly  for  the  next  step  (Note  3). 

B.  l-Carbethoxymethyl-4-carbethoxy piperidine.  Fifteen  grams 
of  10%  palladium  on  charcoal 2  is  added  to  the  solution  of  the 
pyridinium  bromide.  The  mixture  is  placed  in  an  agitated  2-1. 
hydrogenation  autoclave  and  hydrogenated  at  90°  under  an  ini¬ 
tial  pressure  of  100  atm.  (Note  4).  Slightly  more  than  the  calcu- 
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lated  amount  of  hydrogen  (3  moles)  is  absorbed  within  30-60 
minutes.  The  mixture  is  cooled  to  25°,  and  the  catalyst  is  sep¬ 
arated  by  filtration  and  washed  with  100  ml.  of  ethanol.  The 
filtrate  is  evaporated  to  dryness  under  water-aspirator  vacuum 
at  a  bath  temperature  of  50-60°.  The  residue,  semicrystal¬ 
line  l-carbethoxymethyl-4-carbethoxypiperidine  hydrobromide,  is 
taken  up  in  500  ml.  of  ice-cold  water.  The  solution  is  added  to 
500  ml.  of  chloroform  in  a  5-1.  beaker  immersed  in  an  ice  bath, 
and  an  ice-cold  solution  of  150  g.  of  potassium  carbonate  in  250 
ml.  of  water  is  added  gradually  with  stirring  (Note  5).  After  the 
carbon  dioxide  evolution  has  subsided,  the  mixture  is  placed  in  a 
2-1.  separatory  funnel  and  thoroughly  shaken  for  some  time. 
The  lower,  organic  layer  is  drawn  off  and  washed  once  with  200 
ml.  of  water.  The  aqueous  layers  are  combined  and  washed  once 
with  500  ml.  of  chloroform.  The  two  chloroform  extracts  are 
combined  and  dried  over  anhydrous  sodium  sulfate.  After  1 
hour  the  sodium  sulfate  is  separated  on  a  Buchner  funnel  and 
washed  with  two  200-ml.  portions  of  chloroform.  The  chloro¬ 
form  is  removed  on  a  steam  bath,  and  the  resulting  oily  residue 
is  distilled  under  high  vacuum  through  a  20-cm.  Vigreux  column. 
A  fore-run,  weight  4-8  g.,  is  collected  below  110°  (0.20  mm.). 
Then  156-190  g.  (64-78%)  of  l-carbethoxymethyl-4-carbethoxy- 
piperidine  is  collected  as  a  colorless  oil,  b.p.  111-113°  (0.2  mm.), 
d\%  1.057,  n20 d  1.4585. 

C.  3-Quinuclidone  hydrochloride.  A  2-1.  three-necked  flask  is 
fitted  with  a  Hershberg  stirrer,  a  pressure-equalizing  addition 
funnel,  and  a  condenser  connected  to  a  source  of  dry  nitrogen. 
Absolute  toluene  (330  ml.)  and  80  g.  (2.05  g.  atom)  of  potassium 
free  of  oxide  crust  are  added.  ( Caution !  Directions 3  for  the  safe 
handling  of  potassium  should  be  consulted.)  The  air  in  the  flask 
is  replaced  by  an  atmosphere  of  dry  nitrogen  that  is  maintained 
until  the  reaction  mixture  is  decomposed.  The  flask  is  heated  in 
an  oil  bath  until  the  toluene  begins  to  reflux  gently.  As  soon  as 
the  potassium  is  molten,  it  is  pulverized  by  vigorous  stirring. 
One  hundred  twenty-five  milliliters  (98.6  g.,  2.14  moles)  of  abso¬ 
lute  ethanol  (Note  6)  is  added  through  the  addition  funnel  within 
30  minutes  while  heating  and  stirring  are  continued.  After  disap¬ 
pearance  of  the  potassium  the  temperature  is  raised  to  130°,  and 
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a  solution  of  200  g.  (0.822  mole)  of  l-carbethoxymethyl-4-carb- 
ethoxypiperidine  in  500  ml.  of  absolute  toluene  is  added  within 

2  hours.  The  mixture  is  stirred  and  heated  for  an  additional 

3  hours. 

The  resulting  solution  is  cooled  to  0°  and  decomposed  by  care¬ 
ful  addition  of  500  ml.  of  10Y  hydrochloric  acid.  The  mixture  is 
transferred  to  a  separatory  funnel,  the  aqueous  phase  is  separated, 
and  the  toluene  layer  is  extracted  with  two  250-ml.  portions  of 
10Y  hydrochloric  acid.  The  aqueous  extracts  are  combined  and 
heated  under  reflux  for  15  hours  to  effect  decarboxylation.  The 
hot,  dark-colored  solution  is  treated  with  10  g.  of  activated  char¬ 
coal,  filtered,  and  evaporated  to  dryness  under  reduced  pressure. 
The  residue  is  washed  into  a  separatory  funnel  with  300  ml.  of 
water.  The  solution  is  treated  with  saturated  aqueous  potassium 
carbonate  solution  until  it  is  alkaline  to  litmus;  the  carbonate 
solution  must  be  added  very  carefully  to  prevent  excessive  foam¬ 
ing.  Solid  potassium  carbonate  is  added  until  a  thin  slurry  is 
obtained,  and  the  slurry  is  extracted  with  four  400-ml.  portions 
of  ether.  The  combined  ether  extracts  are  dried  for  at  least  60 
minutes  over  calcined  potassium  carbonate  and  then  filtered. 

The  ether  is  removed  by  distillation  on  a  steam  bath  through 
a  column  filled  with  Raschig  rings.  The  yellowish  crystalline 
residue  is  treated  with  150  g.  of  ice  and  150  g.  (130  ml.)  of  10Y 
hydrochloric  acid,  and  the  solution  is  evaporated  to  dryness 
under  reduced  pressure  (Note  7).  The  crystalline  residue  is  dis¬ 
solved  in  the  minimum  amount  of  hot  water  (about  70  ml.),  and 
boiling  isopropyl  alcohol  (about  1.5  1.)  is  added  until  crystalline 
3-quinuclidone  hydrochloride  begins  to  separate.  The  mixture 
is  cooled  to  0-5°,  and  the  solid  is  separated  by  filtration,  washed 
with  acetone,  and  dried.  The  yield  of  3-quinuclidone  hydro¬ 
chloride,  m.p.  294-296°  (sealed  capillary)  (Note  8),  is  102-109  g. 
(77-82%). 

2.  Notes 

1.  The  checkers  used  ethyl  isonicotinate  purchased  from  K 
and  K  Laboratories,  Inc.,  Jamaica,  New  York,  or  prepared  by 
esterification  of  isonicotinic  acid  as  described  by  La  Forge  4  for 
nicotinic  acid. 
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2.  The  quaternization  is  slightly  exothermic. 

3.  The  quaternary  salt  may  be  isolated  by  evaporation  of  the 
solution  and  subsequent  recrystallization  of  the  residue  from 
isopropyl  alcohol;  m.p.  159°  (dec.).  Calcd.  for  C12H16BrN04: 
C,  45.30;  H,  5.07;  Br,  25.12.  Found:  C,  45.41;  H,  5.14;  Br, 
25.28. 

4.  The  checkers  found  that  hydrogenation  proceeded  rapidly 
and  quite  exothermically  at  a  pressure  of  only  7  atm.  at  90°. 
They  used  10%  palladium-on-carbon  powder  purchased  from 
Engelhard  Industries  Inc.,  Newark,  New  Jersey. 

5.  The  evolution  of  carbon  dioxide  causes  considerable  foam¬ 
ing.  Losses  are  easily  avoided  if  a  5-1.  beaker  is  used. 

6.  Commercial  absolute  alcohol  was  further  dried  by  treatment 
with  magnesium  and  a  little  iodine  with  subsequent  redistillation, 
as  described  by  Lund  and  Bjerrum.5 

7.  In  an  alternative  method  of  isolating  crude  quinuclidone 
hydrochloride,  found  by  the  checkers  to  give  equally  good  results, 
the  dried  ether  solution  of  quinuclidone  is  transferred  to  a  2-1. 
round-bottomed  flask  equipped  with  a  stirrer,  a  gas-inlet  tube, 
and  a  gas-exit  tube.  The  flask  is  immersed  in  an  ice  bath,  and 
gaseous  hydrogen  chloride  is  passed  into  the  stirred  solution  until 
it  begins  to  bubble  out,  indicating  that  the  solution  is  saturated. 
The  quinuclidone  hydrochloride  that  precipitates  is  collected  on 
a  Buchner  funnel,  washed  with  acetone,  and  dried  in  a  vacuum 
desiccator.  The  product  is  then  dissolved  in  hot  water  and  pre¬ 
cipitated  with  isopropyl  alcohol  as  described  in  the  procedure. 

8.  The  melting  point  depends  on  the  rate  of  heating  and  the 
apparatus  used.  The  checkers  observed  m.p.  297-305°,  298- 
303°,  and  301°  under  various  conditions. 

3.  Methods  of  Preparation 

Quinuclidone  hydrochloride  has  been  prepared  by  intramolec¬ 
ular  condensation  of  l-carbethoxymethyl-4-carbethoxypiperidine 
with  potassium  6-8  or,  as  in  the  present  procedure,  with  potassium 
ethoxide.9  l-Carbethoxymethyl-4-carbethoxypiperidine  has  been 
prepared  by  alkylating  ethyl  hexahydroisonicotinate  with  ethyl 
chloroacetate  6'8  or  by  the  present  method.7 
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4.  Merits  of  the  Preparation 

This  is  the  most  convenient  way  to  prepare  quinuclidone  hydro¬ 
chloride.  The  second  step  illustrates  the  conversion  of  an  N-alkyl- 
pyridinium  salt  to  an  N-alkylpiperidine.  The  third  step  illus¬ 
trates  the  formation  of  a  bicyclic  system  by  the  Dieckmann 
condensation. 

Quinuclidone  can  be  reduced  to  quinuclidine.6  Depending  on 
the  availability  of  starting  materials,  either  this  reduction  or  the 
dehydrative  cyclization  of  4-(2-hydroxyethyl)piperidine  10  is  the 
most  convenient  synthesis  of  quinuclidine. 

1.  University  of  Basel,  Basel,  Switzerland. 

2.  R.  Mozingo,  Org.  Syntheses,  Coll.  Vol.  3,  687  (1955). 

3.  W.  S.  Johnson  and  W.  P.  Schneider,  Org.  Syntheses,  Coll.  Vol.  4,  132  (1963). 

4.  F.  B.  La  Forge,  J.  Am.  Chem.  Soc.,  50,  2477  (1928). 

5.  H.  Lund  and  J.  Bjerrum,  Ber.,  64,  210  (1931). 

6.  G.  R.  Clemo  and  T.  P.  Metcalfe,  J.  Chem.  Soc.,  1989  (1937). 

7.  L.  H.  Stembach  and  S.  Kaiser,  J.  Am.  Chem.  Soc.,  74,  2215  (1952). 

8.  C.  A.  Grob  and  E.  Renk,  Helv.  Chim.  Acta,  37,  1689  (1954). 

9.  E.  E.  Mikhlina  and  M.  V.  Rubtsov,  Zh.  Obshch.  Khim.,  29,  118  (1959)  [J.  Gen. 

Chem.  USSR  (Engl.  Transl.),  29,  123  (1959)];  C.  A.  Grob  and  J.  Zergenyi, 

Helv.  Chim.  Acta,  46,  2658  (1963). 

10.  S.  Leonard  and  S.  Elkin,  J.  Org.  Chem.,  27,  4635  (1962). 
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Submitted  by  P.  A.  S.  Smith  and  R.  0.  Kan  1 
Checked  by  Melvin  S.  Newman  and  R.  L.  Childers 

1.  Procedure 

A.  Phenylacetyl  isothiocyanate.  Twenty-five  grams  (0.16  mole) 
of  phenylacetyl  chloride  (Note  1),  100  ml.  of  benzene,  and  53  g. 
(0.16  mole)  of  lead  thiocyanate  (Note  2)  are  placed  in  a  1-1., 
three-necked,  round-bottomed  flask  equipped  with  a  mechanical 
stirrer  and  a  reflux  condenser.  The  stirrer  is  started  and  the  mix¬ 
ture  is  refluxed  for  5  hours.  A  small  amount  of  activated  char¬ 
coal  is  added,  and  refluxing  is  continued  for  5  minutes.  The  warm 
mixture  is  filtered  through  a  Buchner  funnel  under  suction  (Note 
3),  and  the  solid  on  the  filter  is  washed  with  two  50-ml.  portions 
of  benzene.  The  solvent  is  removed  from  the  filtrate  under  re¬ 
duced  pressure,  and  the  residue  is  distilled  at  once  to  yield  17.5- 
22.7  g.  (61-79%)  of  phenylacetyl  isothiocyanate,  b.p.  83-91°  at 
about  0.3  mm.  It  is  a  colorless  liquid  that  rapidly  darkens  on 
standing  (Notes  4  and  5). 

B.  2a-T hiohomophthalimide.  In  a  500-ml.,  three-necked, 
round-bottomed  flask  equipped  with  a  mechanical  stirrer,  a  reflux 
condenser,  and  a  dropping  funnel  are  placed  150  ml.  of  carbon 
disulfide  (Note  6)  and  29.3  g.  (0.22  mole)  of  anhydrous  powdered 
aluminum  chloride.  The  stirrer  is  started,  and  17.7  g.  (0.10  mole) 
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of  phenylacetyl  isothiocyanate  is  added  dropwise  at  such  a  rate 
that  the  solvent  refluxes  gently.  The  total  addition  time  is  about 
5  minutes.  The  mixture  is  refluxed  gently  for  2  hours  (Note  7) 
and  is  cooled  in  an  ice  bath  and  treated  with  a  solution  of  10  ml. 
of  12N  hydrochloric  acid  in  90  ml.  of  water;  the  addition  is  drop- 
wise  at  first,  more  rapid  later.  Stirring  is  continued  at  room 
temperature  for  another  hour.  Crude  2o-thiohomophthalimide 
is  collected  by  filtration  on  a  10-cm.  Buchner  funnel  and  is  pressed 
dry  and  subsequently  dried  thoroughly,  either  in  a  vacuum 
desiccator  or  in  an  oven  at  40-45°  ( Caution !  Note  8).  A  solution 
of  the  imide  in  300  ml.  of  boiling  glacial  acetic  acid  is  boiled  a  few 
minutes  with  a  small  amount  of  activated  charcoal,  and  the  hot 
solution  is  filtered  through  a  large  fluted  filter  as  rapidly  as  possible 
to  prevent  premature  crystallization  on  the  filter.  Orange-yellow 
crystals  of  2a-homophthalimide  precipitate  when  the  filtrate  is 
cooled.  They  are  separated  by  filtration  and  dried  in  an  oven  or 
a  vacuum  desiccator;  weight  9.2-13.3  g.  (52-75%);  m.p.  221— 
222°. 

2.  Notes 

1.  Eastman  Kodak  Company  white  label  grade  of  phenyl¬ 
acetyl  chloride  was  used,  but  equally  good  results  are  obtained 
with  the  crude  acid  chloride  obtained  by  treating  phenylacetic 
acid  with  an  excess  of  thionyl  chloride  and  removing  the  latter 
under  reduced  pressure. 

2.  Lead  thiocyanate  was  made  by  stirring  together  a  solution 
of  45  g.  (1.37  moles)  of  lead  nitrate  in  360  ml.  of  boiling  water 
with  a  solution  of  266  g.  (2.74  moles)  of  potassium  thiocyanate 
in  140  ml.  of  boiling  water.  The  mixture  was  cooled  to  room 
temperature,  and  437  g.  (99%)  of  lead  thiocyanate  was  separated 
by  filtration  and  air-dried. 

3.  If  the  filtrate  is  not  clear,  filtration  should  be  repeated 
through  the  same  filter. 

4.  When  large  quantities  are  used,  the  distillation  should  be 
performed  in  parts,  for  on  prolonged  heating  phenylacetyl  iso¬ 
thiocyanate  decomposes  with  a  heavy  loss  in  yield. 

5.  The  distillation  should  be  carried  out  just  before  commenc¬ 
ing  Part  B. 
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6.  xyw-Tetrachloroethane  may  be  substituted  for  carbon  di¬ 
sulfide.  In  this  case  5  minutes  of  heating  on  a  steam  bath,  or 
even  no  heating  at  all,  gives  satisfactory  results,  although  the 
product  is  of  slightly  lower  purity.  The  solvent  may  be  removed 
quickly  by  steam  distillation  of  the  reaction  mixture  after  addi¬ 
tion  of  dilute  acid,  and  the  product  is  isolated  by  filtration  of  the 
slurry  remaining  in  the  flask. 

7.  The  best  heating  device  has  been  found  to  be  an  infrared 
lamp  placed  about  20  cm.  from  the  vessel. 

8.  Drying  at  higher  temperatures  can  be  dangerous  because 
of  the  low  flash-point  of  carbon  disulfide. 


3.  Methods  of  Preparation 

The  only  reported  method  of  preparation  of  2c-thiohomo- 
phthalimide  is  by  the  reaction  described  here.2 


4.  Merits  of  the  Preparation 

This  is  a  general  method  of  converting  arylcarbonyl  and  aryl- 
acetyl  isothiocyanates  to  the  corresponding  thioimides  as  the 
following  examples  show  (percent  yield  and  duration  of  the  reac¬ 
tion  follow  each  example):  6-methyl- 1  a- thiophthalimide  2  (45%, 
4  days);  4,6-dimethyl- la-thiophthalimide  2  (64%,  24  hours); 
5-methyl-2a-thiohomophthalimide  (42%,  4  hours) ;  4-methyl- 
2o-thiohomophthalimide  (48%,  4  hours) ;  5-methoxy-2a-thio- 
homophthalimide  (41%,  4  hours);  4-chloro-2-thiohomophthal- 
imide  (40%,  4  hours);  la-phenyl-2a-thiohomophthalimide  (40%, 
30  minutes);  la-thio-l,2-naphthalimide  2  (25%,  4  days);  2a- 
thio-l-homo-l,2-naphthalimide 2  (41%,  16  hours);  thiophene- 
2a-thio-2,3-dicarboximide  (12%,  24  hours). 

The  thioimides  can  be  hydrolyzed  to  the  corresponding  di- 
carboxylic  acids.3  The  thioimides  can  be  converted  to  the  cor¬ 
responding  imides,  and  thiohomophthalimides  can  be  converted 
to  phthalimides;  both  conversions  are  one-step  processes.4  Thus 
a  variety  of  substituted  phthalic  and  homophthalic  acids  and 
their  derivatives  are  available  from  these  thioimides. 
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Thiohomophthalimides  can  be  reduced  to  tetrahydroiso- 
quinolines.2 

1.  Department  of  Chemistry,  University  of  Michigan,  Ann  Arbor,  Michigan. 

2.  P.  A.  S.  Smith  and  R.  O.  Kan,  J.  Am.  Chem.  Soc.,  82,  4753  (1960). 

3.  P.  A.  S.  Smith  and  R.  O.  Kan,  this  volume,  p.  62. 

4.  P.  A.  S.  Smith  and  R.  0.  Kan,  J.  Am.  Chem.  Soc.,  83,  2580  (1961). 


4, 6, 8-TRIMETHYL  AZULENE 

(Azulene,  4,6,8-trimethyl-) 

CH3  CH3 


Submitted  by  K.  Hafner  and  H.  Kaiser  1 
Checked  by  Karl  Bangert  and  Virgil  Boekelheide 


1.  Procedure 

A.  Cyclopentadienylsodium.  A  1-1.  four-necked  flask  (or  a 
three-necked  flask  with  a  Y-tube  connection)  is  outfitted  with  a 
Trubore®  stirrer,  a  pressure-equalizing  dropping  funnel,  a  ther¬ 
mometer  reaching  to  the  bottom  of  the  flask,  and  a  reflux  con¬ 
denser  in  whose  outlet  is  placed  a  T-tube,  one  side  of  which  leads 
to  a  bubble  counter  and  the  other  is  connected  to  a  source  of  pure 
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nitrogen.  The  system  is  flushed  with  nitrogen,  and  a  suspension 
of  23  g.  (1.0  mole)  of  sodium  in  350  ml.  of  dry  tetrahydrofuran 
(Notes  1  and  2)  is  prepared  in  the  flask.  There  is  then  added 
dropwise  with  stirring  73.0  g.  (1.1  moles)  of  freshly  distilled  cy- 
clopentadiene  (Note  3).  As  the  exothermic  reaction  begins,  evo¬ 
lution  of  hydrogen  through  the  bubble  counter  can  be  observed 
immediately.  The  temperature  of  the  reaction  mixture  should 
be  kept  below  35-40°  by  intermittent  cooling  of  the  flask  with 
an  ice  bath.  At  the  end  of  the  reaction  the  color  of  the  solution 
should  be  a  pale  rose;  exposure  to  air  causes  a  rapid  change  in 
color  to  dark  brown  (Note  4). 

B.  4,6,8-Trimethylazulene.  Caution!  2 ,4,6-Trimethylpyrylium 
perchlorate  is  explosive.  Operations  with  it  should  he  conducted 
behind  a  shield.  The  arrangements  of  the  reaction  flask  used  in 
the  preparation  of  cyclopentadienylsodium  are  now  altered  for 
the  next  step.  While  increasing  the  nitrogen  flow  rate  strongly, 
the  dropping  funnel  is  removed  and  replaced  by  a  wide-mouthed 
powder  funnel.  The  strong  flow  of  pure  nitrogen  coming  out  of 
the  flask  and  around  the  powder  funnel  prevents  the  atmosphere 
from  diffusing  into  the  flask  to  any  appreciable  extent.  Then, 
with  strong  stirring  of  the  reaction  mixture,  142  g.  (0.64  mole) 
of  2,4,6-trimethylpyrylium  perchlorate  ( Caution 1  Moistened 
with  dry  tetrahydrofuran,  Note  5)  is  added  in  small  portions 
through  the  powder  funnel  at  such  a  rate  that  the  immediate 
exothermic  reaction  which  ensues  maintains  the  temperature  of 
the  reaction  mixture  between  42°  and,  at  most,  48°.  The  color 
of  the  reaction  mixture  turns  purple  immediately  on  addition  of 
the  2,4,6-trimethylpyrylium  perchlorate.  Usually  the  addition 
requires  about  1  hour;  then  the  reaction  mixture  is  stirred  for  an 
additional  20  minutes.  The  powder  funnel  is  replaced  with  a 
stopper,  the  condenser  is  turned  downward  for  distillation,  and 
about  130  ml.  of  tetrahydrofuran  is  removed  by  distillation  while 
stirring  is  continued.  For  the  distillation  the  flask  is  heated  on 
a  steam  bath,  and  the  temperature  of  the  reaction  mixture  at  the 
end  of  the  distillation  is  about  68-70°.  The  color  of  the  distillate 
is  a  weak  violet  owing  to  the  co-distillation  of  a  small  amount  of 
4,6,8-trimethylazulene.  After  the  reaction  mixture  has  cooled, 
it  is  transferred  to  a  3-1.  separatory  funnel  and  diluted,  first  with 
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75  ml.  of  methanol  and  then  with  1  1.  of  water.  This  causes  the 
separation  of  a  dark  violet  oil  which  is  taken  up  in  400  ml.  of 
petroleum  ether  (b.p.  60-70°)  and  separated  from  the  aqueous 
phase.  The  aqueous  layer  is  extracted  again  with  200  ml.  of 
fresh  petroleum  ether,  and  the  combined  petroleum  ether  ex¬ 
tracts  are  washed  five  times  with  175-ml.  portions  of  water. 
Since  a  small  quantity  of  a  greasy  by-product  separates  at  the 
interface  during  the  washing  with  water,  the  petroleum  ether 
extract,  after  the  final  washing,  is  purified  by  passing  it  through 
a  Buchner  funnel  lined  with  asbestos  fibers  as  a  filtering  aid. 
After  the  filtrate  has  been  dried  over  calcium  chloride,  the  solu¬ 
tion  is  concentrated  under  reduced  pressure,  and  the  residue  is 
carefully  freed  of  solvent  by  heating  on  a  steam  bath  under  re¬ 
duced  pressure  for  4  hours. 

The  crude  product  is  then  transferred  to  an  apparatus  suitable 
for  distillation  of  solids  (Note  6),  and  this  is  joined  to  a  high- 
vacuum  system  capable  of  a  vacuum  in  the  range  of  10“5  mm. 
Distillation  begins  when  the  bath  temperature  reaches  about 
190°;  a  boiling  point  of  around  120°  is  usually  observed.  When 
the  distillate  first  begins  to  appear  brown  rather  than  violet,  the 
distillation  is  stopped  immediately  (Note  7).  The  crystalline 
distillate  (ca.  70  g.)  is  dissolved  in  20  ml.  of  hot  ethanol,  filtered 
while  hot,  and  allowed  to  cool.  The  solid  (about  60  g.  of  crys¬ 
tals,  m.p.  74-76°)  is  recrystallized  from  20  ml.  of  ethanol  to  yield 
47-53  g.  (43-49%)  of  4,6,8-trimethylazulene  as  dark-violet 
plates,  m.p.  80-81°  (Note  8). 

2.  Notes 

1.  The  suspension  of  sodium  is  best  prepared  as  follows.  In 
a  three-necked  flask  fitted  with  a  ground-glass  stopper,  a  reflux 
condenser,  and  a  Vibromischer  (available  from  A.  G.  fur  Chemie- 
Apparatebau,  Zurich,  Switzerland)  are  placed  150  ml.  of  toluene 
and  23  g.  of  sodium.  When  the  toluene  is  boiling  under  reflux, 
the  melted  sodium  is  dispersed  by  the  Vibromischer,  and  the 
flask  is  quickly  cooled.  Under  nitrogen  atmosphere  the  toluene  is 
removed  by  decantation  and  is  replaced  by  350  ml.  of  dry  tetra- 
hydrofuran. 
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2.  The  dry  tetrahydrofuran  can  be  prepared  by  allowing  tetra- 
hydrofuran  to  stand  over  sodium,  decanting,  and  distilling  from 
lithium  aluminum  hydride. 

3.  For  the  preparation  of  cyclopentadiene  from  its  dimer,  see 
M.  Korach,  D.  R.  Nielsen,  and  W.  H.  Rideout,  Org.  Syntheses, 
42,  50  (1962). 

4.  If  desired,  the  cyclopentadienylsodium  concentration  in 
solution  can  be  determined  by  withdrawing  1  ml.  of  solution, 
diluting  this  with  100  ml.  of  water,  and  titrating  the  resulting 
aqueous  sodium  hydroxide  solution  with  O.liV  hydrochloric  acid 
using  methyl  red  as  an  indicator. 

5.  The  2,4,6-trimethylpyrylium  perchlorate,  obtained  and 
stored  as  described  by  Balaban  and  Nenitzescu  2  or  by  Hafner 
and  Kaiser,3  is  used  directly. 

6.  A  round-bottomed,  standard-taper  flask  with  a  Claisen  head 
carrying  an  ebullition  capillary  and  a  thermometer  and  attached 
to  a  two-necked  flask  with  one  neck  for  vacuum  takeoff  is  satis¬ 
factory.  It  is  important  that  the  setup  allow  for  heating  by 
either  flame  or  infrared  lamp  to  melt  the  solid  distillate  and 
prevent  its  clogging  the  vapor  passage. 

7.  It  is  helpful  to  empty  the  brown  tarry  residue  from  the 
distillation  flask  while  it  is  still  hot.  The  flask  can  then  be  cleaned 
by  using  a  sulfuric  acid-chromic  acid  solution. 

8.  For  purification  of  small  amounts  of  4,6,8-trimethylazulene 
it  is  advantageous  to  dissolve  it  in  a  small  amount  of  methanol 
and  treat  the  solution  with  activated  carbon. 

3.  Methods  of  Preparation 

This  procedure  is  adapted  from  that  described  earlier  by  Haf¬ 
ner  and  Kaiser,4  and  apparently  it  is  the  only  method  that  has 
been  used  for  synthesizing  4,6,8-trimethylazulene. 

4.  Merits  of  the  Preparation 

This  procedure  illustrates  a  simple  and  general  method  for 
preparing  azulenes.  It  is  far  more  convenient  and  proceeds  in 
much  better  yield  than  previous  syntheses  of  azulenes  involving 
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dehydrogenation.6  Also,  it  is  superior  to  the  alternative  methods 
utilizing  the  monoanil  of  glutacondialdehyde  8  or  pyridinium 
salts.7-8  In  fact,  this  procedure  has  made  the  azulenes  a  readily 
available  class  of  compounds  for  study  and  use  as  starting  mate¬ 
rials.  Illustrative  of  the  latter  are  the  recent  syntheses  of  pen- 
talene,9  heptalene,9  and  peri- benzazulene  derivatives.10 

1.  Institut  fur  Orgauische  Chemie,  Munich,  Germany. 

2.  A.  T.  Balaban  and  C.  D.  Nenitzescu,  this  volume,  p.  98. 

3.  K.  Hafner  and  H.  Kaiser,  this  volume,  p.  101. 

4.  K.  Hafner  and  H.  Kaiser,  Ann.,  618,  140  (1958). 

5.  V.  Prelog  and  K.  Schenker,  Eelv.  Chim.  Acta,  36,  1181  (1953). 

6.  K.  Ziegler  and  K.  Hafner,  Angew.  Chem.,  67,  301  (1955). 

7.  K.  Hafner,  Angew.  Chem.,  67,  301  (1955). 

8.  K.  Ziegler  and  K.  Hafner,  U.S.  Patent  2,805,266  (Sept.  3,  1957)  [C.  A.,  52,  6409 
(1958)]. 

9.  K.  Hafner  and  J.  Schneider,  Ann.,  624,  37  (1959). 

10.  K.  Hafner  and  H.  Schaum,  Angew.  Chem.,  75,  90  (1963). 


2,4,6-TRIMETHYLPYRYLIUM  PERCHLORATE 

Method  I 


(CH3)3COH  +  2(CH3C0)20  +  HC104 


-h2o 


-2CHsC02H 


CH, 


CH3 

I 


CIO4- 


CH, 


Submitted  by  A.  T.  Balaban  1  and  C.  D.  Nenitzescu  2 
Checked  by  Karl  Bangert  and  Virgil  Boekelheide 


1.  Procedure 

Caution!  2 ,4 ,6 -Trimethyl pyrylium  perchlorate  is  explosive. 
Operations  should  he  conducted  behind  a  shield,  and  directions 
should  he  followed  closely  ( see  Note  1  of  Method  I  and  Section  4 
before  carrying  out  these  preparations) . 

In  a  2-1.  four-necked  flask  (or  a  three-necked  flask  with  a 
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Y-tube  connection)  outfitted  with  a  stirrer,  a  short  reflux  con¬ 
denser,  a  dropping  funnel,  and  a  thermometer  reaching  to  the 
bottom  of  the  flask,  148  g.  (2.0  moles)  of  anhydrous  /-butyl  alcohol 
and  1020  g.  (945  ml.,  10.0  moles)  of  acetic  anhydride  are  mixed 
with  stirring  and  cooled  to  — 10°  by  means  of  an  ice-salt  cooling 
bath.  Then  250  g.  (150  ml.,  1.75  moles)  of  70%  perchloric  acid 
is  added  rapidly  from  the  dropping  funnel  to  the  stirred  mixture 
over  a  period  of  5-7  minutes  (Note  2).  With  the  first  few  drops 
a  vigorous  reaction  begins  which  is  manifested  by  evolution  of 
fumes,  coloration  of  the  reaction  mixture  to  orange  and  then 
reddish  brown,  and  a  rapid  rise  in  temperature.  When  the  tem¬ 
perature  of  the  reaction  mixture  reaches  40-50°,  crystals  of  2,4,6- 
trimethylpyrylium  perchlorate  should  begin  to  separate  (Note  3) ; 
then  the  temperature  is  allowed  to  rise  to  100°.  The  rate  of 
perchloric  acid  introduction  and  the  use  of  the  cooling  bath  are 
then  so  controlled  that  the  temperature  of  the  reaction  mixture 
is  maintained  between  100°  and  105°.  Toward  the  end  of  the 
addition  the  perchloric  acid  may  be  added  quite  rapidly  and  the 
desired  temperature  may  still  be  maintained.  After  all  the 
perchloric  acid  has  been  added,  the  cooling  bath  is  removed  and 
stirring  of  the  mixture  is  continued.  The  temperature  remains 
at  about  90°  for  10  or  15  minutes  and  then  falls  to  about  75° 
after  30  minutes.  The  dark-brown  stirred  mixture  is  cooled  once 
again  until  the  temperature  has  fallen  to  15°.  The  crystalline 
2,4,6-trimethylpyrylium  perchlorate,  which  has  separated,  is 
collected  on  a  Buchner  funnel  and  is  washed  on  the  funnel  with 
a  1 : 1  mixture  of  acetic  acid  and  ether  and  then  washed  twice 
with  ether  (Note  4).  Suction  is  stopped  before  the  crystals  are 
dry.  The  product  can  be  air-dried  to  give  195-210  g.  (50-54%) 
of  yellow  crystals,  m.p.  244°  dec.  (Notes  1,  5,  and  6).  For  stor¬ 
ing  or  for  use  in  the  preparation  of  4,6,8-trimethylazulene,  how¬ 
ever,  it  is  best  to  place  the  product  in  a  cork-stoppered  flask  and 
moisten  it  with  dry  tetrahydrofuran. 

2.  Notes 

1.  The  impact  sensitivity  of  2,4,6-trimethylpyrylium  perchlo¬ 
rate  was  examined  by  Dr.  T.  E.  Stevens  at  the  Redstone  Arsenal 
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Division  of  Rohm  and  Haas  Co.,  and  the  compound  was  found 
to  be  slightly  more  sensitive  to  detonation  by  impact  than  the 
commercial  explosive  RDX.  This  point  should  be  kept  con¬ 
stantly  in  mind.  When  the  crystals  are  handled  as  a  slurry  or 
are  wet  with  solvent,  the  hazard  is  considerably  reduced.  On 
the  other  hand,  the  dry  perchlorate  should  be  handled  with  great 
care  and  should  never  be  crushed,  rubbed,  or  pushed  through  a 
narrow  opening. 

2.  The  specified  order  of  mixing  the  three  reagents  is  critical. 
If  the  reagent  added  to  the  solution  of  the  other  two  is  /-butyl 
alcohol  or  acetic  anhydride,  large  amounts  of  triisobutylenes  are 
formed,  separating  as  a  colorless  upper  layer. 

3.  The  rate  of  perchloric  acid  introduction  should  be  slow  at 
first  so  that  in  the  range  of  40-50°  crystals  of  the  2,4,6-trimethyl- 
pyrylium  perchlorate  will  begin  to  appear.  Then  the  rate  of 
addition  should  be  increased  to  maintain  the  temperature  in  the 
optimum  range  of  100-105°.  If  the  temperature  rises  too  rapidly, 
no  crystals  will  appear  and  the  yield  will  be  somewhat  lower. 
Then  seeding  is  helpful. 

4.  If  crystallization  is  not  complete,  dilution  of  the  filtrate  by 
the  ether  washings  will  cause  separation  of  additional  crystals. 
These  are  collected  separately  because  they  are  finer  and  less 
pure.  Concentration  of  filtrates  is  to  be  avoided  because  severe 
explosions  3  have  been  reported  when  solutions  of  perchloric  acid 
in  acetic  acid  were  concentrated. 

5.  The  product  is  of  satisfactory  purity  for  use  in  the  4,6,8-tri- 
methylazulene  preparation  without  further  purification.  Re¬ 
crystallization  of  a  small  sample  of  the  2,4,6-trimethylpyrylium 
perchlorate  from  a  seven-fold  amount  of  hot  water,  containing  a 
few  drops  of  perchloric  acid  and  some  carbon  black,  gives  color¬ 
less  crystals,  m.p.  245—247°  dec.  However,  the  recrystallization 
of  larger  amounts  in  this  way  presents  some  hazard  and  is  not 
recommended.  Concentration  of  filtrates  should  be  avoided 
(see  Note  4). 

6.  The  preparation  of  2,4,6-trimethylpyrylium  perchlorate 
may  be  carried  out  on  a  much  smaller  scale,  such  as  one-tenth, 
with  only  a  small  lowering  of  the  yield. 
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Method  II 


O 


(CH3)2C=CHC— CH3  +  (CH3C0)20 


HC104 

- > 

-CH3C02H 


C1O40 


Submitted  by  K.  Hafner  and  H.  Kaiser  4 
Checked  by  Virgil  Boekelheede  and  H.  Fleischer 


1.  Procedure 

Caution!  2 ,4,6-Trimelhylpyrylium  perchlorate  is  explosive. 
Operations  should  he  conducted  behind  a  shield,  and  directions 
should  he  followed  closely  {see  Note  1  of  Method  I  and  Section  4 
before  carrying  out  these  preparations) . 

In  a  2-1.  four-necked  flask  (or  a  three-necked  flask  with  a  Y-tube 
connector)  equipped  with  a  stirrer,  a  reflux  condenser,  a  dropping 
funnel,  and  a  thermometer  extending  nearly  to  the  bottom  of  the 
flask  is  placed  550  ml.  (595  g.,  5.83  moles)  of  acetic  anhydride 
which  is  cooled  to  0°  with  an  ice-salt  bath.  Then  180  ml.  (300  g., 
2.09  moles)  of  a  70%  solution  of  perchloric  acid  is  added  with  stir¬ 
ring  at  a  rate  such  that  the  temperature  does  not  rise  above  8° 
(Note  1).  This  step  takes  about  3  hours.  The  mixture  is  con¬ 
tinually  cooled  and  stirred,  and  240  ml.  (204  g.,  2.09  moles)  of 
mesityl  oxide  is  then  added  slowly.  The  slow  addition  of  370  ml. 
(400  g.,  3.92  moles)  of  acetic  anhydride  follows.  The  ice  bath  is 
then  replaced  by  a  water  bath;  the  temperature  of  the  reaction 
mixture  will  usually  rise  to  50-70°  because  of  the  heat  liberated 
by  the  exothermic  reaction,  and  the  reaction  mixture  will  turn 
dark.  The  reaction  mixture  is  heated  on  a  steam  bath  for  15 
minutes  to  complete  the  reaction,  and  the  mixture  is  then  allowed 
to  cool  and  stand  at  room  temperature  for  2  hours.  The  crystals, 
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which  have  separated  from  the  brown  solution,  are  collected  on 
a  Buchner  funnel  and  are  washed  on  the  funnel  twice  with  100-ml. 
portions  of  acetic  acid,  twice  with  100-ml.  portions  of  absolute 
ethanol,  and  twice  with  100-ml.  portions  of  absolute  ether.  This 
gives  250-260  g.  (54-56%)  of  pale-yellow  to  light-brown  crystals, 
m.p.  240°  dec.  (Note  2).  For  storage  the  crystals  should  be  trans¬ 
ferred,  without  drying,  to  an  ordinary  flask,  moistened  with  dry 
tetrahydrofuran,  and  then  kept  in  this  state  by  stoppering  the 
flask  with  an  ordinary  cork  (Note  3). 

2.  Notes 

1.  Since  the  reaction  is  quite  exothermic,  the  mixture  must  be 
well  stirred  to  avoid  developing  any  local  hot  spots  which  could 
lead  to  explosions.  Although  no  difficulties  were  encountered  in 
either  the  submitters’  or  checkers’  laboratories,  it  is  well  to  keep 
in  mind  that  2,4,6-trimethylpyrylium  perchlorate  is  potentially 
hazardous;  hence  due  precaution  should  be  exercised  at  all  times. 

2.  Although  a  small  sample  of  2,4,6-trimethylpyrylium  per¬ 
chlorate  may  with  care  be  recrystallized  from  acetic  acid  to  give 
white  crystals,  m.p.  245-247°  dec.,  it  is  recommended  that  this 
not  be  done  with  larger  quantities.  The  2,4,6-trimethylpyrylium 
perchlorate  is  of  satisfactory  purity  for  use  in  the  4,6,8-trimethyl- 
azulene  preparation  without  further  purification. 

3.  The  hazard  of  handling  2,4,6-trimethylpyrylium  perchlorate 
is  greatly  reduced  if  the  crystals  are  kept  moist  with  a  solvent 
such  as  tetrahydrofuran.  The  flask  used  for  storage  should  be 
stoppered  with  a  cork  rather  than  a  ground-glass  stopper  to  avoid 
the  possibility  of  initiating  an  explosion  by  the  grinding  action  of 
the  stopper. 

3.  Methods  of  Preparation 

2,4,6-Trimethylpyrylium  perchlorate  has  been  prepared  from 
2,6-dimethylpyrone  and  methylmagnesium  halides;  5  from  mes¬ 
ityl  oxide  and  sulfoacetic  acid; 6  from  mesityl  oxide  (or  less  satis¬ 
factorily  from  acetone)  and  a  mixture  of  acetic  anhydride  and 
perchloric  acid; 7  from  mesityl  oxide,  acetyl  chloride,  and  alu¬ 
minum  chloride; 8  and  from  /-butyl  chloride,  acetyl  chloride, 
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and  aluminum  chloride.8  The  procedure  given  under  Method  I 
is  adapted  from  that  reported  by  Balaban  and  Nenitzescu  9  and 
is  similar  to  that  of  Praill  and  Whitear.10  The  procedure  given 
under  II  is  adapted  from  that  reported  by  Hafner  and  Kaiser.11 

4.  Merits  of  the  Preparation 

2,4,6-Trimethylpyrylium  perchlorate  is  a  very  versatile  and 
useful  starting  material.  Thus  its  reaction  with  cyclopentadienyl- 
sodium  has  made  4,6,8-trimethylazulene  12  easily  available  for 
general  studies  of  the  properties  of  azulenes  13  and  for  the  synthe¬ 
sis  of  related  compounds.14  In  addition,  pyrylium  salts  are  read¬ 
ily  converted  to  a  variety  of  pyridine  derivatives  9- 15  as  well  as  to 
derivatives  of  nitrobenzene  16  and  phenol.9- 17- 18  It  is  clear  that 
its  value  as  a  starting  material  is  such  that  it  is  receiving  wide  use. 

In  including  this  preparation  in  Organic  Syntheses ,  it  was  felt 
that  standard  procedures  which  have  been  tested  in  more  than 
one  laboratory  without  difficulty  and  which  attempt  to  point  out 
as  clearly  as  possible  the  potential  hazards  involved  would  serve 
a  useful  function  for  those  who,  despite  the  hazards,  find  this  a 
necessary  and  important  starting  material. 
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dihydrofuran,  40,  29 

3- Bromoacetophenone,  40,  7 

1- Bromoadamantane,  44,  3 

2- Bromoallylamine,  43,  6 


SUBJECT  INDEX 


109 


N-(2-Bromoallyl)ethylamine,  44,  7 
conversion  to  N-ethylallenimines,  44, 

54 

2- Bromoallylhexaminium  bromide,  43, 

6 

o-Bromoaniline,  conversion  to  1-bromo- 
2-fluorobenzene,  43,  12 
diazotization  and  conversion  to 
o-bromoiodobenzene,  40,  105 
in  formation  of  triphenylene  via 
benzyne,  40,  106 
9-Bromoanthracene,  43,  16 

3- Bromobenzaldehyde,  40,  9 
Bromobenzene,  conversion  to  Grignard 

reagent,  41,  91 ;  44,  51 
o-Bromobenzenediazonium  hexafluoro- 
phosphate,  43,  12 

3-Bromo-4-/er/-butylacetophenone,  40, 

9 

Bromocyclopropane,  43,  9 
I-Bromo-2-eluorobenzene,  43,  12 

l-Bromo-2,5-hexadiene,  41,  51 
3-Bromo-l,5-hexadiene,  41,  51 
Bromohexadiene  (mixture),  41,  50 
dehydrobromination  to  1,3,5-hexa- 
triene,  41,  50 
isomer  mixture  of,  41,  51 
5-Bromoindole-3-carbonitriIe,  43, 59 
o-Bromoiodobenzene,  reaction  with  lith¬ 
ium  to  form  triphenylene,  40, 
106 

3-Bromo-4-methylacetophenone,  40,  9 
^-Bromophenacylamine,  hydrochloride 

of,  41,  87 

3-Bromo-3-phenyl  methyl  ether,  44,  33 
1  -B  romo-3-phenylpropane,  conversion 
to  1,3-dibromo-l-phenylpropane 
by  reaction  with  N-bromosuc- 
cinimide,  44,  30 
3-Bromophthalide,  42,  26 
3-Bromopropiophenone,  40,  9 
1-Bromopyrene,  43, 16 
N-Bromosuccinimide,  in  bromination  of 
l-bromo-3-phenylpropane,  44, 
30 

in  oxidation  of  /-butyl  hydrazodi- 
formate,  44,  18 
3-Bromothiophene,  44,  9 


2- Bromothiophene,  2-hydroxy  thiophene 

from,  43,  55 

3- Bromo-4-tolualdehyde,  40,  9 
Butadiene,  1-chloro-1,4,4-triflu- 

oro-,  43, 17 

1, 3-Butadiene,  1,4-diphenyl-,  40,  36 
Butadienoic  acid,  methyl  ester,  43, 

71 

2-Butanone,  conversion  to  a-ethyl-a- 
methylsuccinic  acid,  44,  59 
Butenolides  from  aryl  aldehydes  and 
•y-keto  acids,  43,  5 
7-/-Butoxynorbornadiene,  44, 12 
2 -/er/-Butoxy  thiophene  from  /er/-butyl 
perbenzoate  and  2-thienylmag- 
nesium  bromide,  43,  55 
/-Butyl  acetate,  44,  58 
/er/-BuTYL  acetoacetate,  42,  28 
jec-Butyl  acrylate,  41,  62 
sec-Butyl  alcohol,  esterification  of  cro- 
tonic  acid  with,  41,  60 
esters  with  a,/3-unsaturated  acids,  41, 
62 

/«r/-Butyl  alcohol,  drying  with  CaH2,  41, 
7 

in  synthesis  of  1-adamantanecar- 
boxylic  acid,  44, 1 
in  synthesis  of  2,4,6-trimethyl- 
pyrylium  perchlorate,  44,  98 
oxidation  to  a,a,a',a'-tetramethyltet- 
ramethylene  glycol  by  hydrogen 
peroxide  and  ferrous  sulfate,  40, 
90 

reaction  with  cyanoacetyl  chloride, 

41,  6 

N-Butylallenimine,  44,  55 
w-Butylamine,  conversion  to  N-methyl- 
butylamine,  44,  72 
Butylamine,  N-methyl-,  44,  72 
/-Butyl  azldoformate,  44,  IS 

conversion  to  /-butyl  hydrazodifor- 
mate,  44 ,18 

/-Butyl  azodiformate,  44, 18 
w-Butyl  bromide,  preparation  of  w-butyl 
Grignard  reagent  from,  41,  61 
/-Butyl  carbazate,  44,  20 

conversion  to  /-butyl  azidoformate, 
44,  15 
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/-Butyl  carbazate,  conversion  to 
/-butyl  hydrazodiformate,  44, 18 
/-Butyl  chloride,  44,  102 
rec-Butyl  cinnamate,  41,  62 
jec-Butyl  crotonate,  41,  60 

reaction  with  w-butyl  Grignard  re¬ 
agent,  41,  61 

/er/-BUTYL  CYANOACETATE,  41,  5 
/-Butyl  cyanoformate,  44,  19 
rec-Butyl  0, 3-dimethylacrylate,  41,  62 
Butylhydrazinium  hydrogen  sulfate,  43, 
2 

/-Butyl  hydrazodiformate,  44,  18 
/-Butyl  N-hydroxycarbamate,  44,  17,  25 
/-B  utyl  j3-hydroxy-/3,/3-diphenylpro- 
pionate,  44,  58 

/-Butyl  hypochlorite,  warning,  44,  26 
N-chlorination  of  amines  with,  41,  82 
n-Butyl  isocyanide,  41, 14 
/er/-Butyl  isocyanide,  41, 14 
n-Butylmagnesium  bromide,  41,  61 
reaction  with  rec-butyl  crotonate,  41, 
61 

rec-Butyl  methacrylate,  41,  62 
rec-Butyl  3-methylheptanoate,  41,  61 
hydrolysis  of,  41,  62 
/-Butyl  S-methylthiolcarbonate,  44,  20 
/-Butyl -/>-nitrophenyl  carbonate,  44,  25 
N-/-Butyloxycarbonylimidazole,  44,  25 
5-Butyl-l, 2,3,4, 5-pentachlorocyclo- 
pentadiene,  43,  92 

5-jec-B  u  ty  1- 1,2,3 ,4, 5-pen  tachlorocyclo- 
pentadiene,  43,  92 

/-Butyl  perbenzoate,  2-/er/-butoxy- 
thiophene  from,  43,  55 
/-Butyl  perbenzoate,  for  oxidation  of 
olefins,  44,  12 

reaction  with  phenylmagnesium  bro¬ 
mide,  41,  91 

/>-/er/-Butylperoxy benzoic  acid,  43,  96 
/-Butyl  phenyl  carbonate,  44,  22 
rec-Butyl  tiglate,  41,  62 
2,3-dimethylheptanoic  acid  from,  41, 
63 

2-Butynoic  acid,  42,  97 

Cadmium  chloride  as  catalyst  in  con¬ 
version  of  dipotassium  1,8-naph- 


thalenedicarboxylate  to  2,6-naph- 
thalenedicarboxylic  acid,  40,  72 
Calcium  hydride,  for  drying  of  tert- 
butyl  alcohol,  41,  7 
Carbamyl  chloride,  44,  71 
Carbazic  acid,  /er/-BUTYL  ESTER,  44,  20 
1  -Carbethoxymethyl-4-carbethoxy- 
piperidine,  44,  86 

1  -Carbethoxymethyl-4-carbethoxy- 

piperidine  hydrobromide,  44,  86, 
87 

Carbodiimide,  diphenyl-,  43, 31 
Carbodiimides,  from  isocyanates,  43,  31 
Carboxylation  of  saturated  hydro¬ 
carbons  containing  tertiary 
hydrogens,  44,  3 

Carboxylic  acids,  conversion  to  1,1,1- 
trifluoro  compounds,  41,  104, 
106 

from  enamines,  43,  39 
o-Carboxyphenylacetonitrile,  44,  63 
Chloramine,  formation  of  dihydroazepi- 
nones  by  reaction  with  salts  of 
2,6-dialkylphenols,  44,  42 
Chlorination,  nuclear,  aluminum  chlo¬ 
ride  as  catalyst  for,  40,  9 
of  anthracene  by  cupric  chloride,  43, 
15 

of  benzoic  acid  to  pentachlorobenzoic 
acid,  44,  80 

of  dichlorobenzoic  acids,  44,  80 
of  pyruvic  acid  by  sulfuryl  chloride, 
40,  54 

of  tetrachlorophthalyl  chloride,  44,  80 
on  nitrogen  of  amines,  41,  82 
with  /er/-butyl  hypochlorite,  41,  82 
Chlorine  in  oxidation  of  methyl  disulfide 
to  methanesulfinyl  chloride,  40, 
62 

3-Chloroacetophenone,  40, 10 
N-(2-Chloroallyl)alkylamine,  44,  9 

2- Chloroallylamines,  conversion  to 

N-alkylpropargylamines,  44,  55 
9-Chloroanthracene,  43,  IS 

3- Chlorobenzaldehyde,  40, 10 
/’-Chlorobenzonitrile,  43,  59 
2-Chloro-6-methylphenyl  isocyanide, 

41, 103 
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7-Chloronorbornadiene,  44,  14 
^-Chlorophenacylamine,  hydrochloride 
of,  41,  87 

o-Chlorophenyl  isocyanide,  41, 103 
^-Chlorophenyl  isocyanide,  41, 103 

1- Chloropyrene,  43,  16 
Chloropyruvic  acid,  40,  54 

2- Chloro-l,l,4,4-tetrafluorobutadiene, 

43,  21 

4-Chloro-2-thiohomophthalimide,  44,  93 
TChxoro-1,4,4-trefluorobutadiene, 

43,  17 

1- Chloro-2,3,3-trifluorocyclobutene,  42, 

45 

2- Chloro-2,3,3-trifluorocyclobutyl  ace¬ 

tate  from  chlorotrifluoroethylene 
and  vinyl  acetate,  43 ,17 
Chlorotrifluoroethylene,  addition  to 
vinyl  acetate,  43,  17 
reaction  with  aqueous  sodium  cyanide 
to  form  3-chloro-2,2,3-trifluoro- 
propionic  acid,  40,  11 
l-Chloro-l,4,4-trifluoro-2-phenylbuta- 
diene,  43,  21 

3- Chloro-2,2,3-trifluoropropionamide  as 

by-product  in  synthesis  of  3- 
chloro-2,2,3-trifluoropropionic 
acid,  40, 12 

3-Chloro-2,2,3-trlfluoropropionic 

ACID,  40,  11 

Cholestane,  3/S-methoxy-,  41,  9 
Cholestanol,  etherification  of,  41,  9 
Cholestanyl  methyl  ether,  41,  9 
Cinnamaldehyde,  reaction  with  Wittig 
reagent,  40,  86 

Cinnamic  acid,  a-  (/9-hydrox  ystyr  yl)  -, 
7-lactone,  43,  3 
Cinnamyl  bromide,  44,  32 
Condensation,  of  aldehydes  and  ketones 
with  esters  to  give  /9-hydroxy- 
esters,  44,  58 

of  benzaldehyde,  with  3-benzoylpro- 
pionic  acid  to  give  a-benzyli- 
dene-7-phenyl-A^  7-butenolide, 

43,  3 

with  isobutyrophenone,  44,  46 
with  2-nitropropane,  44,  46 
of  l-carbethoxymethyl-4-carbethoxy- 


piperidine  to  3-quinuclidone,  44, 
87 

Condensation,  of  carbon  dioxide  and 
sodium  methyl-5-acetylide,  42, 97 
of  cyclohexanone  and  morpholine,  41, 
65 

of  cyclohexene  with  methylene  iodide, 
41,  72 

of  cyclohexylamine  with  ethyl  for¬ 
mate,  41,  14 

of  diacetyl  monoxime  and  3-methyl- 
pen  tane-2,4-dione,  42, 93 
of  diethylamine  with  trichloroacetyl 
chloride,  41,  21 

of  diethyl  oxalate  and  diethyl  succi¬ 
nate  by  sodium  ethoxide,  44,  67 
of  dihydropyran  and  ethyl  trichloro- 
acetate,  41,  76 

of  4,4-dimethoxy-2-butanone  with 
formamide  to  give  4-methylpy- 
rimidine,  43,  77 

of  ethyl  and  i-butyl  azodiformates 
with  dienophiles,  44,  19 
of  ethyl  oxalate  with  o-nitrotoluene 
to  give  potassium  salt  of  ethyl 
o-nitrophenylpyruvate,  43,  40 
of  formaldehyde  and  nitromethane, 
41,  67 

of  ^-hydroxybenzaldehyde  with  hy- 
dantoin  to  give  5-(/>-hydroxy- 
benzal)hydantoin,  43,  49 
of  indoles  with  a-hydroxy  acids  to  give 
indole-3-acetic  acids,  44,  66 
of  ketones  with  ethyl  cyanoacetate 
and  hydrocyanic  acid  to  a,a-di- 
substituted  succinic  acids,  44,  61 
of  malonitrile  with  tetracyanoethyl- 
ene,  41,  99 

of  2 -methyl- 1,3 -cyclohexanedione 
with  methyl  vinyl  ketone,  41,  38 
of  oxalyl  chloride,  with  di-w-alkyl- 
anilines,  41,  3 
with  dimethylaniline,  41,  1 
of  tertiary  alcohols  and  alkenes  with 
nitriles,  44,  46 

of  1,1,3,3-tetraethoxypropane  with 
thiourea  to  give  2-mercaptopy- 
rimidine,  43,  68 
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Coupling  of  />-aminoacetanilide  to  4,4'- 
bis(acetamido)azobenzene  using 
sodium  perborate  and  boric  acid, 

40,  19 

Crotonic  acid,  esterification  with  sec- 
butyl  alcohol,  41,  60 
Crystal  Violet,  from  condensation  of 
oxalyl  chloride  with  dimethyl- 
aniline,  41,  2-4 

oxidative  removal  of  traces  by  hydro¬ 
gen  peroxide,  41,  2,  3^4 
Cumenecarboxylic  acid,  44,  71 
Cupric  chloride  as  chlorinating  agent, 

43,  15 

Cuprous  bromide,  44, 12 
Cuprous  n-butylmercaptide,  42, 22 
Cuprous  chloride  as  catalyst  for  1,4 
addition  of  Grignard  reagents 
to  a,/3-unsaturated  esters,  41,  63 
CYANOACETIC  ACID,  Jer/-BUTYL  ESTER, 

41,  5 

Cyanoacetic  acid,  condensation  with 
furfural  to  yield  3-(2-furyl)acry- 
lonitrile,  40,  46 

with  phosphorus  pentachloride,  41, 
5 

Cyanoacetyl  chloride,  41,  5 
2-Cyano-4,6-dimethylpyridine,  42, 33 

1- Cyanoisoquinoline,  42, 33 

2- Cyano-6-methylpyridine,  42, 30 
2-Cyanopyridine,  42, 33 
4-Cyanopyridine,  42,  33 
2-Cyanoquinoline,  42, 31 
Cyclization,  of  o-acetoacetochloroanilide 

to  3-acetyloxindole,  40,  1 
of  N-(2-bromallyl)alkylamines  to 

N-alkylallenimines  by  reactions 
with  sodium  amide,  44,  SS 
of  1,3-dibromo-l-phenylpropane  to 
cyclopropylbenzene  by  reaction 
with  zinc-copper  couple,  44,  31 
of  3-phenylpropyltrimethylammo- 
nium  iodide  with  sodium  amide, 

44,  33 

polyphosphoric  acid  in,  40,  43 
Cycloaddition,  of  allenes  to  alkenes  to 
form  methylenecyclobutanes,  43, 
30 


Cycloaddition,  of  1,1-dichloroethylene 
to  chlorotrifluoroethylene,  42, 

45 

of  fluoroethylenes  to  alkenes  to  give 
cyclobutanes,  43,  21 
Cycloheptatriene,  oxidation  to  tropy- 
lium  fluoborate,  43,  101 
Cycloheptatrienocarbonium  fluo¬ 
borate,  43, 101 

2,5-Cyclohex  adiene-  1  -carboxylic 
acid,  43,  22 

Cyclohexane,  methylene-,  40,  66 
Cyclohexanecarboxylic  acid,  3,4,5- 
TRIACETOXY-,  42,  62 
Cyclohexanecarboxylic  acid,  3,4,5- 
TRIOL,  42,  62 

trans-  1,2-Cyclohexanediol,  44,  29 
1,3-Cyclohexanedione,  2-methyl-,  41, 

56 

Cyclohexanone,  2-allyl-,  42, 14 
Cyclohexanone,  condensation  with  mor¬ 
pholine,  41,  65 

in  preparation  of  methylene  cyclo¬ 
hexane,  40,  66 

Cyclohexanone  diallyl  acetal,  42, 

34 

rearrangement  to  2-allylcyclohex- 
anone,  42,  14 

Cyclohexene,  conversion  to  cyclopen- 
tanecarboxaldehyde,  44,  26 
purification  of,  41,  74 
reaction  with  zinc-copper  couple  and 
methylene  iodide,  41,  73 
Cyclohexene  oxide,  44,  29 
2-Cyclohexenone,  40, 14 
Cyclohexylamine,  reaction  with  ethyl 
formate,  41,  14 

N-Cyclohexylformamide,  41, 14 

dehydration  with  phosphorus  oxy¬ 
chloride,  41,  13 

Cyclohexyl  isocyanide,  41, 13 
Cyclopentadiene,  44,  29 
conversion  to  sodium  salt,  41,  96; 

44,  95 

preparation  from  dimer,  41,  97;  42,  50 
Cyclopentadiene,  1, 2,3,4, 5-penta- 
CHLORO-5-ETHYL-,  43,  90 
Cyclopentadienylsodium,  44,  94 


SUBJECT  INDEX 


113 


Cyclopentanecarboxaldehyde,  44, 
26 

Cyclopentanecarboxaldehyde  trimer, 

44,  28 

Cyclopentene,  44,  29 
Cyclopentenediol,  42,  SO 

2- Cyclopentene-l,4-diol,  42,  51 

3- Cyclopen tene-l,2-diol,  42,  51 
2-Cyclopentene-1,4-dione,  42,  36 
2-Cyclopentene-1-one,  42,  38 
2-Cyclopentenone,  42,  38 
Cyclopropane,  bromo-,  43,  9 
Cyclopropanecarboxylic  acid,  conver¬ 
sion  to  bromocyclopropane,  43, 
9 

Cyclopropylbenzene,  44,  30 

Dealkylation  of  tertiary  amines  with 
dibenzoyl  peroxide,  44,  74 
Decarboxylation,  intermolecular,  of  iso¬ 
cyanates  to  carbodiimides,  43,  32 
Decker  synthesis  of  amines,  44,  74,  75 
Dehalogenation  of  l,l,2-trichloro-2,3,3- 
trifluorocyclobutane,  42, 45 
Dehydration,  of  formamides  with  phos¬ 
phorus  oxychloride  to  isocy¬ 
anides,  41,  13,  101 
of  4-(2-hydroxyethyl)piperidine  to 
quinuclidine,  44,  90 
Dehydrohalogenation  of  2-chloroallyl- 
amines  to  propargylamines,  44,  55 
Delepine  reaction,  to  prepare  2-bro mo- 
ally  lamine,  43,  6 
Deoxyanisoin,  40, 16 
Deoxybenzoin,  40, 17 
Deoxypiperoin,  40, 17 
Desylamine,  41,  87 

N,N'-Diacetyl-4,6-dimethyl-w-xylene- 
a,a'-diamine,  42, 18 
N,N'-Diacrylyl-/>-xylene-a,  a '-diamine, 

42,  18 

2,6-Dialkylphenols,  conversion  to  dihy- 
droazepinones  by  reaction  of  their 
salts  with  chloramine,  44,  44 
N,N-Dialkyl-1, 2, 2-trichloro  vinyl- 
amines,  41, 23 

Diallyldiphenyltin,  allyllithium  from, 
41,  32 


4,4'-Diaminoazobenzene,  40, 18 

2.3- Diamino-5-bromopyridine,  44,  35 

2.3- Diaminopyrldine,  44,  34,  36 
Diazomethane,  41, 10, 16 

analysis  of  solutions  of,  41,  11 
etherification  of  cholestanol  with,  41, 
9 

explosion  hazard  in  use  of,  41,  17- 
18 

precautions  in  use  of,  41,  17-18 

1.1- Dibenzyl-2-benzenesulfonhydra- 

zide,  conversion  to  bibenzyl,  44, 
25 

3.4- Dibromoacetophenone,  40,  9 
o-Dibromobenzene,  conversion  to  1,2- 

bis(w-butylthio) benzene,  42,  23 

1.2- Dibromoethane,  see  Ethylene  bro¬ 

mide 

3. 5- Dibromo-4-methylacetophenone,  40 , 

9 

1.3- Dibromo-l-phenylpropane,  44,  30 

2.3- Dibromopropene,  conversion  to  2- 

bromoallylamine,  43, 6 
for  preparation  of  N-(2-haloallyl) 
alkylamines,  44,  7 

4.5- Dibromo-2-thiophenecarboxylic 

acid,  44,  11 

Di-sec-butyl  a-(2-hexyl)-/3-methylglutar- 
ate,  41,  63 

1.1- Dibutylhydrazinium  hydrogen  oxa¬ 

late,  43,  2 

Dichloramine  B  in  N-chlorination  of 
amines,  41,  84 

m-Dichlorobenzene,  nitration  to  yield 

l,3-dinitro-4, 6-dichlorobenzene, 
40,  96 

N,N-Dichlorobenzensulfonamide  in 

N-chlorination  of  amines,  41, 
84 

Dichlorocarbene,  addition  to  dihydropy- 
ran,  41,  76 

7, 7 -Dichloro-2-oxabicyclo[4. 1  .0]hep- 
TANE,  41,  76 

N,N -Dichloro-a-phenylethy  lamine,  41, 
82 

conversion  to  phenacylamine  hydro¬ 
chloride,  41,  83 

1 . 1- Dichloro-  l-phenyl-3-methyl- 1- 
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phospha-3-cyclopentene  from 
isoprene  and  dichlorophenyl- 
phosphine,  43,  73 

Dichlorophenylphosphine,  addition  to 
isoprene,  43,  73 

2.3- Dichloropropene,  dehalogenation  to 

allene,  42,  12 

Dicyclopentadiene,  conversion  to  endo- 
tetrahydrodicyclopentadiene  and 
to  adamantane,  42,  8 

a,a-Dichlorotoluene,  conversion  to 
a,a-difluorotoluene,  44,  40 

2.3- Dicyano-3-methylpentanoate,  44, 

60 

Diethyl  acetamidomalonate,  40, 
21 

Diethyl  acetylenedicarboxylate  as  di- 
eneophile,  40,  86,  87 

Diethylamine,  condensation  with  tri- 
chloroacetyl  chloride,  41,  21 

Diethyl  aminomalonate,  from  reduction 
of  diethyl  isonitrosomalonate,  40, 

24 

reaction  with  hydrogen  chloride  to 
form  diethyl  aminomalonate  hy¬ 
drochloride,  40,  25 

Diethyl  aminomalonate  hydrochlo¬ 
ride,  40,  24 

p-Diethylaminophenyl  isocyanide,  41, 
103 

N,N-Diethylaniline,  condensation  with 
oxalyl  chloride,  41,  3 

Diethyl  bis(hydroxymethyl)malo- 
nate,  40,  27 

Diethyl  isonitrosomalonate,  danger  of 
explosion  on  attempted  distilla¬ 
tion,  40,  25 

formation  from  diethyl  malonate,  40, 
21 

reduction  to  diethyl  acetamido¬ 
malonate,  40,  22 

Diethyl  /3-ketopimelate,  42, 41 

Diethyl  /3-ketosuberate,  42,  44 

Diethyl  malonate,  conversion  to  diethyl 
isonitrosomalonate,  40,  21 

reaction  with  formaldehyde  to  form 
diethyl  bis-(hydroxymethyl)- 
malonate,  40,  27 


Diethyl  oxalate,  condensation  with  o- 
nitrotoluene,  43,  40 
for  synthesis  of  triethyl  oxalylsucci- 
nate,  44,  67 

N,N-Diethyl-N'-phenyl-2,2-dichloro- 
acetamidine,  41,  23 
Diethyl  succinate,  for  synthesis  of  tri¬ 
ethyl  oxalylsuccinate,  44,  67 
reaction  with  3-hydroxycinchoninic 
acid  to  yield  3-hydroxyquinoline, 

40,  56 

N,N-Diethyl-2,2,2-trichloroacetamide, 

41,  21 

reduction  with  tri-n-butylphosphine, 
41,  22 

N,N-Diethyl-1  , 2, 2-trichloro  vinyl- 
amine,  41,  21 

reaction  with  acids  and  alcohols,  41, 

23 

reaction  with  aniline,  41,  23 

2.2- Difluorosuccinic  acid,  42,  44 
a,a-DrFLUOROTOLUENE,  44,  39 
9,10-Dihydroanthracene,  42,  48 

2.3- Dihydro-lH-azepines,  44,  44 
Dihydroazepinones  from  2,6-dialkyl- 

phenols  and  chloramine,  44,  44 

1.4- Dihydrobenzamide,  43,  24 

1.4- Dihydrobenzoic  acid,  43,  22 
Dihydrocholesterol,  etherification  of,  41, 

9 

1.4- Dihydro-3,5-dimethoxybenzamide, 

43,  24 

1.4- Dihydro-3, 5-dime thoxybenzoic  acid, 

43,  24 

1.4- Dihydro-3-methoxybenzamide,  43, 

24 

1.4- Dihydro-2-methoxybenzoic  acid,  43, 

24 

1,3-Dihydro-3,5,7,-trimethyl-2H- 
azepin-2-one,  44,  41 
Dihydropyran,  purification  of,  41,  77 
reaction  with  dichlorocarbene,  41,  76 
Dihydroresorcinol,  41,  56 
methylation  of,  41,  56 
reaction  with  ethanol  to  yield  3- 
ethoxy-2-cyclohexenone,  40,  41 
Dihydroresorcinol  monoethyl 
ether,  40,  41 
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1.4- Dihydro-o-toluic  acid,  43,  24 
Dihydroxycyclopentene,  42,  SO 
Diisobutylene,  oxidation  to  neopentyl 

alcohol  by  hydrogen  peroxide, 

40,  76 

Diketene,  reaction  with  tert- butyl  alco¬ 
hol  to  give  fer/-butyl  acetoace- 
tate,  42,  28 

7,16-Diketodocosanedioic  acid,  43,  37 

1.2- Dimercaptobenzene,  42, 54 

1.4- Dimercaptobenzene,  42,  56 
4,4'-Dimercaptobiphenyl,  42,  56 

2.5- Dimercaptotoluene,  42,  56 
Dimesitylmethane,  42,  57 

4.4- Dimethoxy-2-butanone,  condensa¬ 

tion  with  formamide  to  give 
4-methylpyrimidine,  43,  77 
3,8-Dimethoxy-4,5,6,7-dibenzo-1,2- 

DIOXACYCLOOCTANE,  41,  46 
conversion,  to  diphenaldehydic  acid, 

41,  46 

to  diphenic  acid,  41,  47 
to  methyl  ester  of  diphenaldehydic 
acid,  41,  47 

2.5- Dimethoxy-2,5-dihydrofuran,  40, 

29 

1.2- Dimethoxyethane,  as  solvent  for 

preparation  of  sodium  cyclo- 
pentadienide,  41,  96 
purification  of,  41,  97 

1.3- Dimethyladamantane,  42,  10 
^-Dimethylaminobenzaldehyde,  reac¬ 
tion  with  Grignard  reagents,  44,  4 

/>-N,N-Dimethylaminobenzonitrile,  43, 
59 

4-Dime  thylamino-2  '-methoxybenzhy- 
drol,  44,  4 

N,N-Dimethylaminomethylferro- 
CENE  METHIODIDE,  40,  31 
in  preparation  of  hydroxymethylfer- 
rocene,  40,  52 

reaction  with  potassium  cyanide  to 
yield  ferrocenylacetonitrile,  40, 
45 

<*-N,N-DlMETHYLAMINOPHENYLACETO- 
NITRILE,  43,  25 

N,N-Dimethylaniline,  condensation 
with  oxyalyl  chloride,  41,  1 


N,N-Dimethylaniline,  in  reaction  of 
cyanoacetyl  chloride  and  tert- 
butyl  alcohol,  41,  6 

2.5- Dimethylbenzoic  acid,  44,  71 
N-(2,4-Dimethylbenzyl)-acetamide,  42, 

18 

Dimethylbenzylamine,  dehydrobromi- 
nation  of  bromohexadienes  with, 
41,  50 

2.2- Dimethylbutanoic  acid,  44,  3 
2,7-Dimethyl-2,7-dinitro6ctane,  41, 

24 

2.3- Dimethylheptanoic  acid,  41,  63 

4.6- Dimethyl-1-hepten4-ol,  41,  30 

2.5- Dimethyl-3-hexyne-2,5-diol,  conver¬ 

sion  to  2,2,5,5-tetramethyltetra- 
hydro-3-ketofuran,  40,  88 
Dimethyl  /3-ketoadipate,  42, 44 
Dimethyl  3-methylenecyclobutane- 

1.2- dicarboxylate,  43,  27 
pyrolysis  to  methyl  butadienoate,  43, 

71 

a,a-Dimethyl-/3-phenethyl  alcohol,  con¬ 
version  to  o,a-dimethyl-/3-phen- 
ethylamine,  44,  45 
a,a-DlMETHYL-/?-PHENETHYLAMINE, 

44,  44 

2.3- Dimethylnaphthalene,  oxidation  to 

2.3- naphthalenedicarboxylic 
acids,  43,  80 

Dimethyl  octadecanedioate,  41,  33 

2.6- Dimethylphenyl  isocyanide,  41, 103 

2,2-Dimethyl-1-propanol,  40,  76 

2.6- Dimethylpyrone,  44,  102 
Dimethyl  sulfate  in  synthesis  of 

N-methylbutylamine,  44,  72 

4.6- Dimethyl-la-thiophthalimide,  44,  93 
N,N-Dimethyl- 1 ,2,2-trichlorovinyl- 

amines,  41,  23 

2.4- Dinitrobenzenesulfenyl  bromide,  44, 

49 

2.4- Dinitrobenzenesulfenyl  chlo¬ 

ride,  44,  47 

2.4- Dinitrochlorobenzene,  conversion  to 

2.4- dinitrophenyl  benzyl  sulfide, 

44,  48 

reaction  with  sodium  iodide  to  yield 

2.4- dinitroiodobenzene,  40,  34 
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1 .3- Dinitro-4 ,6-dichlorobenzene,  from 

nitration  of  m-dichlorobenzene, 

40,  96 

reaction  with  ammonia  to  yield  1,3- 
dinitro-4,6-diaminobenzene,  40, 

97 

2.4- Dinitroiodobenzene,  40,  34 
1,8-Dinitro-^-menthane,  43,  89 

2.4- Dinitrophenyl  benzyl  sulfide,  44,  47 
conversion  to  2,4-dinitrobenzenesul- 

fenyl  chloride,  44,  48 
Ws-(2,4-Dinitrophenyl)  disulfide,  44, 

49 

chlorinolysis  to  2,4-dinitrobenzene- 
sulfenyl  chloride,  44,  50 

2.4- Dinitrophenylsulfur  trifluoride,  44, 

85 

2.4- Dinitrophenyl  thiolbenzoate,  chlo¬ 

rinolysis  to  2,4-dinitrobenzene- 
sulfenyl  chloride,  44,  50 

2.4- Dinitrothiophenol,  chlorinolysis  to 

2,4-dinitrobenzenesulfenyl  chlo¬ 
ride,  44,  50 

reaction  with  benzyl  chloride,  44,  50 
1 ,6-Dioxo-8a-METHYL- 1 ,2 ,3 ,4,6,7 ,8,8a- 
OCTAHYDRONAPHTHALENE,  41,  38 
DePHEN  ALDEHYDE,  41,  41 
Diphenaldehydic  acid,  41,  46 
methyl  ester  of,  41,  47 
Diphenic  acid,  41,  47 

1.4- Diphenyl- 1,3-butadiene,  40,  36 
Diphenylcarbodiimide,  43,  31 
Diphenyl  disulfide,  see  Phenyl  disulfide 
Diphenyl  ketimine,  44,  51 
Dephenylmethylenimine,  44,  51 
a,/3-DlPHENYLPROPIONIC  ACID,  40,  38 
Dipotassium  1,8-naphthalenedicarbox- 

ylate,  conversion  to  2,6-naphtha- 
lenedicarboxylic  acid,  40,  7 1 
N,N-Di-w-propylaniline,  condensation 
with  oxalyl  chloride,  41,  3 
Disodium  7,16-diketodocosanedioate, 

43,  35 

Disulfide,  bis-(ot-nitrophenyl),  40, 80 
Divinyl  glycol,  44,  29 
Docosanedioic  aced,  43,  34 
5-Dodecyl-l, 2,3,4, 5-pentachlorocyclo- 
pentadiene,  43,  92 


Durenecarboxylic  acid,  44,  71 

Eicosanedioic  acid,  43,  39 

Electrolysis,  Kolbe  synthesis,  of  2,7- 
dimethyl-2,7-dinitrooctane,  41, 
24 

of  dimethyl  octadecanedioate,  41, 
33 

two-compartment  cell  for,  41,  25, 
29 

Elimination  of  hydrogen  bromide  from 
bromohexadienes  with  dimethyl- 
benzylamine,  41,  50 

Enamines,  41,  65 
uses  of,  41,  66 

Esterification,  of  cyanoacetic  acid,  41, 
5 

of  gluconolactone,  41,  79 
of  isonicotinic  acid,  44,  88 
of  tetraacetylgluconic  acid,  41,  80 
of  a-/3-unsaturated  acids,  41,  62 
preparation  of  sec-butyl  crotonate  by, 
41,  60 

reaction  of  methylchlorothiolformate 
with  /-butyl  alcohol,  44,  20 
reaction  of  phenyl  chloroformate  with 
/-butyl  alcohol,  44,  22 

Ethanol,  2-nttro-,  41,  67 
conversion  to  nitroethylene,  41, 
71 

Ether,  tert- butyl  phenyl,  41,  91 

Etherification  of  cholestanol  with  diazo¬ 
methane,  41,  9 

3-Ethoxy-2-cyclohexenone,  40,  41 
reduction  to  2-cyclohexenone,  40, 
14 

2-(2-Ethoxyethoxy)ethanol  in  prepara¬ 
tion  of  diazomethane,  41,  16 

1-Ethoxy -3-ethyl-3-methyl-l,2-cyclo- 
propanedioic  acid,  44,  61 

Ethyl  acetate,  conversion  to  ethyl 
/9-hydroxy-/S,/S-diphenylpro- 
pionate,  44,  57 

Ethyl  a-acetyl-/S-(2,3-dimethoxy- 

phenyl)  propionate,  cyclization 
to  ethyl  6,7-dimethoxy-3-methyl- 
indene-2-carboxylate  by  phos¬ 
phoric  acid,  40,  43 
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N-Ethylallenimine,  44,  53 
Ethylamine,  conversion  to  N-benzyli- 
deneethylamine,  44,  75 
conversion  to  N-(2-bromoallyl)eth- 
ylamine,  44,  7 

Ethylamine,  N-methyl-,  44,  75 
N-Ethylation  of  amines  by  ethylene,  43, 
45 

Ethyl  azodiformate,  44,  19 
N-Ethylbutylamine,  44,  74 
Ethyl  carbamate,  reaction  with  hydrox- 
ylamine  to  form  hydroxyurea, 
40,  60 

Ethyl  chloroacetate,  44,  89 
Ethyl  crotonate,  3-methylheptanoic 
add  from,  41,  63 

Ethyl  cyanoacetate  for  synthesis  of 
a-ethyl-a-methylsuccinic  acid, 

44,  59 

Ethyl  diazoacetate,  reaction  with 
indole,  44,  66 

Ethyl  di-«-butylamine,  43,  47 
Ethyl  6,7-dimethoxy-3-methylin- 
dene-2-carboxylate,  40,  43 
Ethylene,  addition  to  piperidine,  43,  45 
5,5'-Ethylene-l,2-bis-(2-furyl)-ethane, 

42,  86 

5, 5'-Ethylene-l,2-bis-(2-thienyl)-e  th¬ 
ane,  42,  86 

Ethylene  bromide  as  entrainment  agent 
in  synthesis  of  pentachloroben- 
zoic  acid,  44,  78 

Ethylene  carbonate,  reaction  with  po¬ 
tassium  thiocyanate,  42,  59 
Ethylene  sulfide,  42,  59 
Ethyl  a-ethyl-a-methyl-^S-carbethoxy- 
succinate,  44,  61 

Ethyl  formate,  reaction  with  cyclo- 
hexylamine,  41,  14 
N-Ethylheptylamine,  44,  74 
Ethyl  hexahydroisonicotinate,  44,  89 
Ethyl-w-hexylamine,  43,  47 
5-(2-Ethylhexyl)-l, 2,3,4, 5-pentachloro- 
cydopentadiene,  43,  92 
Ethylhydrazinium  hydrogen  oxalate, 

43,  2 

Ethyl  j8-Hydroxy-/S,/3-diphenyl- 
propionate,  44,  56 


Ethyl  indole-2-carboxylate,  43, 40 
Ethyl  isocyanate,  44,  77 
Ethyl  isocyanide,  41,  15;  44,  77 
Ethyl  isonicotinate  in  synthesis  of 

3- quinuclidone  hydrochloride, 

44,  86 

N-Ethyl-N-methylaniline,  43, 47 
/3-Ethyl-/3-methylbutyrolactone,  44,  61 
a-ETHYL-a-METHYLSUCCINIC  ACID,  44,  59 
Ethyl  u-nitrophenylpyruvate,  potassium 
salt  of,  43,  40 

N-Ethylpentylamine,  44,  74 
N-Ethylpiperidine,  43, 45 
N-Ethylpropargylamine,  44,  55 
Ethyl-o-toluidine,  43, 47 
Ethyl  trichloroacetate  for  generation  of 
dichlorocarbene,  41,  76 

Ferrocene,  reaction  with  bis(dimethyl- 
amino)  methane  to  yield  di- 
methylaminomethylferrocene, 

40,  31 

Ferrocenylacetonitrile,  40,  45 
Fluoboric  acid  as  catalyst  for  diazo¬ 
methane  etherifications,  41,  9,  10 
9-Fluorenone,  2,4,5,7-tetranitro-, 

42,  95 

2-Fluorenylamine,  40, 5 
Fluorobutylsulfur  trifluoride,  44,  85 
Formaldehyde,  reaction  with  diethyl 
malonate  to  form  diethyl  bis- 
(hydroxymethyl)malonate,  40,  27 
Formamide,  condensation  with  4,4- 
dimethoxy-2-butanone  to  give 

4- methylpyrimidine,  43,  77 
Formic  acid,  and  hydrogen  peroxide, 

with  indene,  41,  53 
for  preparation  of  1  -adamantanecar- 
boxylic  acid,  44,  1 

in  conversion  of  thiosemicarbazide  to 
l-formyl-3-thiosemicarbazide,  40, 

"  -< 

in  preparation  of  o-tolylformamide, 

41,  102  ^ 

Formic  acid,  azido-,  tert- butyl  ester, 

44,  IS 

Formic  acid,  azodi-,  di-^^-butyl 
ester,  44, 18 
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N-Formyl-a,a-dimethyl-/3-phenethyl- 
amine,  44,  44 

hydrolysis  to  a,a-dimethyl-/3-phen- 
ethylamine,  44,  45 

1- Formyl-3-thiosemicarbazide,  conver¬ 

sion  to  l,2,4-triazole-3(5)-thiol, 

40,  100 

Furan,  reaction  with  bromine  and  meth¬ 
anol  to  yield  2,5-dimethoxy-2,5- 
dihydrofuran,  40,  29 
Furan,  2,5-dihydro-2,5-dimethoxy-, 

40,  29 

2- Furanacrylonitrile,  40,  46 
3(2)-Furanone,  4,5-dihydro-2,2,5,5- 

TETRAMETHYL-,  40,  88 
Furfural  in  preparation  of  3-(2-furyl)- 
acrylonitrile,  40,  47 

3- (2-Furyl)acrylonitrile,  40,  46 

Gluconic  acid,  pentaacetyl-,  d-,  41, 

79 

D-Glucono-5-lactone,  acetylation  of,  41, 

80 

Gluconyl  chloride,  PENTAACETYL-,  D-, 

41,  79 

Glutaric  acid,  2-oxo-,  44,  67 
Glycinonitrile,  N,N-dimethyl-2- 
PHENYL-,  43,  25 

Glycolic  acid  for  synthesis  of  indole-d¬ 
ace  tic  acid,  44,  64 

Grignard  reaction,  addition  of  allyl- 
magnesium  bromide  to  acrolein, 

41,  49 

1,4-addition  of  Grignard  reagents  to 
sec-butyl  esters  of  <*,/3-unsatu- 
rated  acids,  41,  60-64 
cyclization  of  3-bromo-3-phenyl 
methyl  ether,  44,  33 
entrainment  method  with  ethyl 
bromide,  44,  11 

entrainment  method  using  ethylene 
bromide  in  the  synthesis  of  penta- 
chlorobenzoic  acid,  44,  80 
ketimines  by  reaction  of  Grignard 
reagents  with  nitriles,  44,  52 
of  arylmagnesium  halides  with  tert- 
butyl  perbenzoate  to  give  aryl 
<er/-butyl  ethers,  41,  91;  43,  55 


Grignard  reaction,  of  methylmagnesium 
halides  with  2,6-dimethylpyrone, 
44,  102 

replacement  of  the  magnesium  halide 
of  aliphatic  and  aromatic  Gri¬ 
gnard  reagents  by  carboxaldehyde 
group,  44,  6 

synthesis  of  monosubstituted  hy¬ 
drazines  from  azoformates,  44, 
20 

Guanidine  nitrate,  warning  against 
synthesis  from  ammonium  ni¬ 
trate,  43,  48 

N-(2-Haloallyl)alkylamines  by  anima¬ 
tion  of  2,3-dibromopropene,  44,  8 
Heptadecanoic  acid,  43, 39 
Heptalene,  44,  98 

Heptane,  1,1,1-trlfluoro,  41,  104 
Heptanoic  acid,  3-methyl-,  41,  60 
Heptanoic  acid,  reaction  with  sulfur 
tetrafluoride,  41,  104 
1-Hepten-4-ol,  4,6-dimethyl-,  41,  30 
Hexachloroacetone,  reaction  with  ani¬ 
line  to  form  a,a,a-trichloroacet- 
anilide,  40,  103 

reaction  with  a  variety  of  amines 
to  form  the  corresponding 
a,a,a-trichloroacetamides,  40, 

104 

Hexachlorobenzene,  conversion  to  pen- 
tachlorobenzoic  acid,  44,  78 
Hexachlorocyclopentadiene,  ethylation 
to  1 , 2,3,4, 5-pentachloro-5-e  thyl- 
cyclopentadiene,  43,  90 
Hexadecanedioic  acid,  43,  39 
l,5-Hexadien-3-ol,  41,  49 

conversion  to  bromide,  41,  50 
1,1,1,10,10,10-Hexafluorodecane,  41, 106 
l,l,l,6,6,6-Hexafluoro-3-hexene,  41, 106 
Hexafluorophosphoric  acid  in  conversion 
of  arylamines  to  aryl  fluorides,  43, 
12 

Hexahydrogallic  acid,  42,  62 
Hexahydrogallic  acid  triacetate, 

42,  62 

Hexahydroxybenzene,  42,  66 
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Hexamethylenetetramine  in  formation 
of  2-bromoallylhexaminium  bro¬ 
mide,  43,  6 

2.5- Hexanediol,  2,5-dimethyl-,  40,  90 

1.3.5- Hexatriene,  41,  49 
cis-trans  isomers  of,  41,  52 

N-Hexylallenimine,  44,  55 
Hofmann  decomposition  of  ^-methyl- 
benzyltrimethylammonium  bro¬ 
mide,  42,  86 

Homophthalic  acid,  44,  62 
Homophthalic  acids  from  thioimides, 

44,  93 

Hydantoin,  condensation  with  p- hy- 
droxybenzaldehyde,  43, 49 
Hydracrylic  acid,  3,3-diphenyl, 
ETHYL  ESTER,  44,  56 
Hydration  of  norbornene  by  formic 
acid,  42,  79 

Hydrazine  hydrate,  in  preparation  of 
sulfonylhydrazides,  40,  93,  95 
in  reduction  of  2-nitrofluorene  to  2- 
aminofluorene,  40,  5 
in  Wolff-Kishner  reduction,  43,  34 
Hydrazines,  asymmetrically  substituted 
by  N-amination  of  amines  by 
hydroxylamine-O-sulfonic  acid, 
43,  2 

Hydriodic  acid  in  reduction  of  w-nitro- 
benzenesulfonyl  chloride  to  m- 
nitrophenyl  disulfide,  40,  80 
Hydrocyanic  acid  in  synthesis  ofa-ethyl- 
a-methylsuccinic  acid,  44,  60 
Hydrogenation,  of  diethylisonitroso- 
malonate  to  diethyl  aminomalo- 
nate  over  palladium-on-charcoal, 
40,  24 

of  gallic  acid  with  rhodium-alumina 
catalyst,  42,  62 

of  resorcinol  to  dihydroresordnol,  41, 
56 

Hydrogen  peroxide,  and  formic  acid, 
with  indene,  41,  53 
in  oxidation  of  benzoic  acid  to  peroxy- 
benzoic  acid,  43,  93 
in  oxidation  of  /er^-butyl  alcohol  to 
a,a,a',a'-tetramethyltetra- 
methylene  glycol,  40,  90 


Hydrogen  peroxide,  in  oxidation  of 
ieri-butylamine  to  a,a,a',a- 
tetramethyltetramethylenedi- 
amine,  40,  92 

in  oxidation  of  Crystal  Violet,  41,  2, 
3-1 

in  oxidation  of  diisobutylene  to  neo¬ 
pentyl  alcohol,  40,  76 
in  oxidation  of  pivalic  acid  to  a,a,a',- 
a'-tetramethyladipic  acid,  40,  92 
in  oxidation  of  pivalonitrile  to 

a^aV^tetramethyladiponitrile, 

40,  92 

Hydrolysis,  of  an  acyl  enamine  to  a 
ketone,  43,  34 

of  a  1,3-diketone  to  a  /3-keto  acid,  43, 
34 

of  iodosobenzene  diacetate  to  iodoso- 
benzene,  43,  60 

of  phenylhydantoins  to  phenylpy- 
ruvic  acids,  43,  49 

of  2a-thiohomophthalimides  to  homo¬ 
phthalic  acids,  44,  62 
p-IIydroxybenzaldehyde,  condensation 
with  hydantoin,  43,  49 
5-(p-Hydroxybenzal)hydantoin,  43,  49 

3- Hydroxycinchoninic  acid,  40,  55 
reaction  with  diethyl  succinate  to 

yield  3-hydroxyquinoline,  40, 
56 

4- (2-Hydroxyethyl)piperidine,  44,  90 
2-Hydroxyisophthalic  acid,  40,  48 
Hydroxylamine  hydrochloride,  reaction 

with  ethyl  carbamate  to  form  hy¬ 
droxyurea,  40,  60 

Hydroxylamine-O-sulfonic  acid  for  N- 
amination  of  pyridine,  43,  1 
Hydroxylation  of  indene,  41,  53 

2- Hydroxy-3-methylbenzoic  acid,  oxi¬ 

dation  to  2-hydroxyisophthalic 
acid  by  lead  dioxide,  40, 

48 

Hydroxymethylferrocene,  40,  52 
^-Hydroxyphenylpyruvic  acid,  43, 

49 

3- Hydroxyquinoline,  40,  54 
2-Hydroxythiophene,  43,  55 
Hydroxyurea,  40,  60 
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1,2-Indanediol  monoformate,  41,  53 
conversion  to  2-indanone,  41,  54 
2-Indanone,  41,  S3 
Indazole,  42,  69 

Indene,  6,7-dimethoxy-3-methyl-2- 
CARBETHOXY-,  40,  43 
Indene,  44,  63 
hydroxylation  of,  41,  53 
Indole,  conversion  to  indole-3-acetic 
acid,  44,  64 

methylation  to  1-methylindole,  40, 

68 

Indole,  1-methyl-,  40,  68 
Indole-3-acetic  aced,  44,  64 
Indoleacetonitrile,  44,  65 
Indole-3-carbonitrile,  43,  58 
Indole-3-carboxaldehyde,  conversion  to 
indole-3-carbonitrile,  43,  58 
Indole-2 -CARBOXYLIC  ACID,  ETHYL 
ESTER,  43,  40 

Iodobenzene,  conversion  to  iodosoben- 
zene  diacetate,  43,  62 
oxidation  to  iodoxybenzene,  43,  65 
Iodosoarenes  from  iodosoarene  diace¬ 
tates,  43, 61 

IODOSOBENZENE,  43,  60 
IODOSOBENZENE  DIACETATE,  43,  62 
hydrolysis  to  iodosobenzene,  43,  60 
4-Iodosobiphenyl,  43,  61 
4-Iodosobiphenyl  diacetate,  43,  64 
o-Iodosophenetole,  43,  61 
o-Iodosophenetole  diacetate,  43,  64 
w-Iodosotoluene,  43,  61 
o-Iodoso toluene,  43,  61 
^>-Iodosotoluene,  43,  61 
wi-Iodosotoluene  diacetate,  43,  64 
o-Iodosotoluene  diacetate,  43,  64 
^-lodosotoluene  diacetate,  43,  64 
2-Iodoso-m-xylene,  43,  61 
2-Iodoso-^-xylene,  43,  61 
4-Iodoso-w-xylene,  43,  61 
2-Iodoso-m-xylene  diacetate,  43, 64 
4-Iodoso-w-xylene  diacetate,  43,  64 
2-Iodoso-/>-xylene  diacetate,  43,  64 
N-Iodosuccinimide,  42,  73 
Iodoxyarenes  by  oxidation  of  aryl  io¬ 
dides,  43,  66 
Iodoxybenzene,  43,  65 


o-Iodoxybenzoic  acid,  43,  67 
4-Iodoxybiphenyl,  43,  67 
o-Iodoxyphenetole,  43,  67 
w-Iodoxy toluene,  43,  67 
o-Iodoxytoluene,  43,  67 
/i-Iodoxytoluene,  43,  67 
2-Iodoxy-m-xylene,  43,  67 
2-Iodoxy-^-xylene,  43,  67 

4- Iodoxy-m-xylene,  43, 67 
{Iron,  [(cyanomethyl)cyclopen- 

tadienyl]cyclopentadienyl-  } , 
40,  45 

{Iron,  cyclopentadienyl[(dimethyl- 
aminomethyl)cyclopenta- 
dlenyl]-,  methiodide  ) ,  40, 31 
{Iron,  cyclopentadlenyl[(hydroxy- 
methyl)cyclopentadienyl]-  } , 

40,  52 

Irradiation  of  tryptophan  with  ultra¬ 
violet  light,  44,  66 

Isatin,  reaction  with  chloropyruvic  acid 
to  yield  3-hydroxycinchoninic 
acid,  40,  55 

1(3H)-Isobenzofiiranone,  3-bromo-, 
42,  26 

Isobutenylbenzene,  conversion  to 

a,a-dimethyl-/3-phenethylamine, 

44,  46 

5- Isobutyl-l, 2,3,4, 5-pentachlorocyclo- 

pentadiene,  43,  92 
Isobutyrophenone,  44,  46 
Isocyanides,  synthesis  from  formamides, 

41,  13,  103 
Isodurene,  44,  71 

2-IsOINDOLINEACETIC  ACID,  a-BENZYL-l, 
3-dioxo-,  L-,  40,  82 

ISOPHTHALIC  ACID,  2-HYDROXY-,  40,  48 
Isoprene,  addition  to  dichlorophenyl- 
phosphine,  43,  73 
Isopropyl  acetate,  44,  58 
N-Isopropylallenimine,  44,  55 
Isopropyl  /3-hydroxy -(3, /3-diphenylpro- 
pionate,  44,  58 
Isopropyl  isocyanide,  41, 14 
5-Isopropyl-l, 2,3,4, 5-pentachlorocyclo- 
pentadiene,  43,  92 

[3(2H)-Isoquinolone,  1, 4-dihydro- 1- 
THIOXO-],  44,  91 
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Ketimines  by  reaction  of  Grignard 
reagents  with  nitriles,  44,  53 
<*-Ketoglutaric  aced,  44,  67 
Kolbe  electrolysis,  see  Electrolysis 

Lactic  acid,  44,  66 

Lead  dioxide  as  oxidizing  agent  for  con¬ 
version  of  2-hydroxy-3-methyl- 
benzoic  acid  to  2-hydroxyiso- 
phthalic  acid,  40,  48 
Lead  thiocyanate,  reaction  with  acid 
chlorides  to  give  acyl-  or  arylthio- 
cyanate,  44,  93 

Lithium,  conversion  to  lithium  amide, 

44,  57 

Lithium  aluminum  hydride,  in  purifica¬ 
tion  of  1,2-dimethoxyethane,  41, 
97 

in  purification  of  tetrahydrofuran,  41, 
31 

in  reduction  of  3-ethoxy-2-cyclo- 
hexenone  to  2-cyclohexenone, 

40,  14 

Lithium  amide  for  condensation  of  ethyl 
acetate  with  benzophenone,  44, 

56 

Lithium  ethoxide  in  condensation  of 
benzaldehyde  with  triphenylcin- 
namylphosphonium  chloride  to 
form  1 ,4-diphenyl- 1, 3-butadiene, 
40,  36 

Lithium  in  formation  of  triphenylene 
from  o-bromoiodobenzene,  40, 106 

Magnesium  for  drying  methanol,  41,  85 
Maleanilic  acid,  41,  93 
conversion  to  N-phenylmaleimide,  41, 
93 

Maleic  anhydride,  addition  to  allene, 
43,  27 

reaction  with  aniline,  41,  93 
Maleimide,  N-phenyl-,  41,  93 
MaLONIC  ACID,  ACETAMIDO-,  DIETHYL 
ESTER,  40,  21 

MALONIC  ACID,  AMINO-,  DIETHYL  ESTER, 
HYDROCHLORIDE,  40,  24 
MALONIC  ACID,  BI s  (hydroxymethyl)  -, 
DIETHYL  ETHER,  40,  27 


Malonitrile,  condensation  with  tetra- 
cyanoethylene,  41,  99 
2-Mercaptopyrimidine,  43,  68 
hydrochloride  of,  43,  68 
Mercuric  oxide  in  preparation  of  bromo- 
cyclopropane,  43,  9 
Mercuric  sulfate,  for  conversion  of 
cyclohexene  to  cyclopentane- 
carboxaldehyde,  44,  26 
regeneration  from  reduction  products, 
44,  27 

Mesitoic  acid,  44,  69 

Mesitylene,  conversion  to  mesitoic  acid, 

44,  70 

Mesityl  isocyanide,  41,  10 3 
Mesitylmagnesium  bromide,  44,  71 
Mesityl  oxide,  44,  102 
in  synthesis  of  2,4,6-trimethylpyryl- 
ium  perchlorate,  44,  101 
Methallylbenzene,  conversion  to  a,a- 

dimethyl-/3-phenethylamine,  44, 
46 

5-Methallyl-l, 2,3,4, 5-pentachlorocyclo- 
pentadiene,  43,  92 
Methane,  dimesityl-,  42,  57 
Methanesulfinyl  chloride,  40,  62 
Methanesulfonic  acid,  solvent  for  mak¬ 
ing  peroxybenzoic  acid  from 
benzoic  acid,  43,  93 

Methanol,  as  solvent  for  ozonolysis,  41, 
41,46 

purification  of,  41,  85 
N-(4-Methoxybenzyl)-acetamide,  42, 18 
l-Methoxy-2-methylpyridinium  methyl 
sulfate,  42,  30 

^-Methoxyphenacylamine,  hydrochlo¬ 
ride  of,  41,  87 

/>-Methoxyphenyl  isocyanide,  41,  103 
0-Methoxyphenylmagnesium  bromide, 
reaction  with  ^-dimethylamino- 
benzaldehyde,  44,  4 
5-Methoxy-2a-thiohomophthalimide, 

44,  93 

N-Methylacetisoaldoxime,  44,  77 
1-Methyladamantane,  42, 10 
Methyl  1-adamantanecarboxylate,  44,  2 
N-Methylallenimine,  44,  55 
N-Methylallylamine,  44,  77 
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^-Methylbenzyltrimethylammonium 
bromide,  42,  83 
Methyl  butadienoate,  43,  71 
N-Methylbutylamlne,  44,  72,  77 
N-Methyl-ter/-butylamine,  44,  77 
Methyl  chlorothiolformate,  44,  21 
Methyl  crotonate,  reaction  with  n-butyl 
Grignard  reagent  and  cuprous 
chloride,  41,  63 

1- Methylcyclohexanecarboxylic  acid, 

44,  3 

2- Methyl-1,3-cyclohexanedione,  41, 

56 

condensation  with  methyl  vinyl  ke¬ 
tone,  41,  38 

Methyl  a, y-di-(2-hexyl)-acetoacetate, 

41,  63 

Methyl  disulfide,  oxidation  to  methane- 
sulfinyl  chloride  by  chlorine,  40, 
62 

3- Methylenecyclobutane-1,2-dicar- 

BOXYLIC  ACID,  DIMETHYL  ESTER, 
43, 27 

3-Me  thy  lenecyclobu  tane- 1 , 2  -dicar- 
boxylic  anhydride,  43, 27 
Methylenecyclobutanes  by  addition  of 
allenes  to  aikenes,  43,  30 
Methylenecyclohexane,  40,  66 
Methylene  iodide,  reaction  with  zinc- 
copper  couple  and  cyclohexene, 
41,  73 

Methylenetriphenylphosphine,  40,  66 
in  preparation  of  methylenecyclo¬ 
hexane,  40,  66 

N-Methylethylamine,  44,  75 
N-Methyl-N  -ethylarenesulf  onamides, 
44,  77 

Methylethylbenzhydrylidene  ammo¬ 
nium  iodide,  44,  77 
Methyl  2'-formyl-2-diphenylcarboxyl- 
ate,  41,  47 

3-Methylheptanoic  acid,  41,  60 
N-Methylheptylamine,  44,  74 
N-Methylhexylamine,  44,  74 
Methylhydrazinium  hydrogen  sulfate, 

43,  2 

Methyl  hydrogen  sebecate,  41,  34 
Kolbe  electrolysis  of,  41,  33 


1- Methylindole,  40,  68 
a-Methylindole-3-acetic  acid,  44,  66 
Methyl  iodide,  methylation  of  dihy¬ 
droresorcinol  with,  41,  57 

reaction  with  N-benzylideneethyl- 
amine,  44,  75 

N-Methylisobutylamine,  44,  77 
Methyl  isocyanide,  41,  15 
N-Methylisopropylamine,  44,  77 
Methylmagnesium  halides,  reaction  with 

2.6- dimethylpyrone  to  give 

2.4.6- trimethyl-pyrylium  per¬ 
chlorate,  44,  102 

N-Methyl-2-methoxyethylamine,  44,  77 
Methyl  4-methyl-4~nitrovalerate,  hy¬ 
drolysis  to  acid,  41,  24 
N-Methyl-N-nitrosoterephthalamide, 
preparation  of  diazomethane 
from,  41,  16 

4- Methyl-4-nitrovaleric  acid,  41,  24 
7-Methylnorbornadiene,  44,  14 

2- Methyl-2-(3'-oxobutyl)-l,3-cyclo- 

hexanedione,  41,  39 

5- Methyl-l, 2,3,4, 5-pentachlorocyclo- 

pentadiene,  43,  92 

3- Methylpentane-2,4-dione,  42,  75 

4- Methyl-2-pentanone,  reaction  with 

allyllithium,  41,  30 
N-Methylpentylamine,  44,  74 
/>-Methylphenacylamine,  hydrochloride 
of,  41,  87 

3- Methyl-1-phenyl-1-phospha-3-cy- 

CLOPENTENE  1-OXIDE,  43,  73 
catalyst  for  converting  phenyl  iso¬ 
cyanate  to  diphenylcarbodiimide, 
43,31 

6- Methylpicolinonitrile,  42,  30 

4- Methylpyrimldine,  43,  77 
2-Methyl-l,l,4,4-tetrafluorobutadiene, 

43,  21 

4- Methyl-2a-thiohomophthalimide,  44 , 

93 

5- Methyl-2d-thiohomophthalimide,  44, 

93 

6- Methyl-la-thiophthalimide,  44,  93 
Methyl  vinyl  ketone,  condensation  with 

2-methyl-l,3-cyclohexanedione, 

41,  38 
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Monoferphthaiic  acid,  42,  77 
Morpholine,  condensation  with  cyclo¬ 
hexanone,  41,  65 

conversion  to  N-nitromorpholine,  43, 
84 

Morpholine,  4-(1-cyclohexenyl)-, 

41,  65 

Morpholine,  4^nitro-,  43,  83 

1- MORPHOLINO-l -CYCLOHEXENE,  41,  65 
2,2'-sebacoyldicyclohexanone  from, 

43,  34 

2,3-Naphthalenedicarboxylic  acid, 
43,  80 

2.6- Naphthalenedicarboxylic  acid, 

40,  71 

1 .6- N  APHTHALENEDIONE,  1 ,2, 3, 4, 6,7 ,8,- 

8a-OCTAHYDRO-8a-METHYL-,  41,  38 
1,8-Naphthalic  anhydride,  reaction  with 
potassium  hydroxide  to  yield  2,6- 
naphthalenedicarboxylic  acid,  40, 
71 

2- Naphthoic  acid,  43,  82 
^-Naphthoic  acids,  44,  71 
a -Naphthoic  acid,  44,  71 
2-Naphthyl  isocyanide,  41,  103 
N-a-Naphthylpiperidine,  40,  75 
N-/3-Naphthylpiperidine,  40,  74 
Neopentyl  alcohol,  40,  76 

Nickel  catalyst  for  hydrogenation  of 
resorcinol,  41,  56,  57 
Nitramines  from  amines  and  acetone 
cyanohydrin  nitrate,  43,  84 
Nitration,  of  amines  to  nitramines  by 
acetone  cyanohydrin  nitrate,  43, 
83 

of  2-amino-5-bromopyridine,  44,  35 
of  9-fluorenone  with  fuming  nitric 
acid,  42,  95 

Nitrenes  from  azidoformates,  44,  17 
Nitric  acid,  removal  of  nitrogen  oxides 
from,  43,  84 

Nitriles  from  aromatic  aldehydes,  diam¬ 
monium  hydrogen  phosphate, 
and  1-nitropropane,  43,  59 
w-Nitrobenzenesulfonyl  chloride,  reduc¬ 
tion  to  m-nitrophenyl  disulfide 
by  hydriodic  acid,  40,  80 


2-Nitro-2,3-dimethylbutane,  43,  89 

1- Nitro-l,4-dimethylcyclohexene,  43,  89 

2- Nitro-2,4-dimethylpentane,  43,  89 
2-Nitroethanol,  41,  67 

conversion  to  nitroethylene,  41,  71 
Nitroethylene,  41,  71 
2-Nitrofluorene,  reduction  to  2-amino- 
fluorene,  40,  5 

Nitrogen,  purification  of,  41,  97 
Nitromethane  in  condensation  with 
formaldehyde,  41,  67 
1-Nitro-l-methylcyclohexane,  43,  89 

1- Nitro-l-methylcyclopentane,  43,  89 

2- Nitro-2-methylpropane,  43,  89 
N-Nitromorpholine,  43,  83 
^-Nitroperoxybenzoic  acid,  43,  96 
/>-Nitrophenacylamine,  hydrochloride 

of,  41,  87 

w-Nitrophenyl  disulpide,  40,  80 
^-Nitrophenyl  isocyanide,  41,  103 
Nitrophenylsulfur  trifluoride,  44,  84 
2-Nitropropane,  44,  46 
Nitrosation,  of  o-acetotoluidide  by  oxides 
of  nitrogen,  42,  69 
of  t-butyl  carbazate,  44,  IS 
^-Nitroso-N,N-dialkylaniline,  44,  77 
/>-Nitroso-N-methyl-N-ethylaniline, 

44,  77 

N-Nitroso-N-methyl-N'-nitroguanidine, 
diazomethane  from,  41,  10 
Nitrosomethylurethane,  warning 
because  a  carcinogen,  43,  86 
o-Nitrotoluene,  condensation  with  ethyl 
oxalate,  43,  40 

4-Nitro-2,2,4-trimethylpentane,  43, 
87 

Nitrous  acid  in  oxidation  of  1,2,4-tri- 
azole-3(5)-thiol  to  1,2,4-triazole, 
40,  100 

Norbomadiene,  conversion  to  7-t-butox- 
ynorbornadiene,  44,  12 
2,5-Norbornadiene,  7-tert-BUTOXY-, 

44,  12 

7-Norbornadienol,  44,  14 
7-Norbornadienyl  acetate,  44,  14 
2-Norbornanone,  42,  79 
2 -exo-Nor borneol,  42,  81 
2-exo-Norbornyl  formate,  42,  79 
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Norcamphor,  42,  79 
Norcarane,  41,  72 

OCTADECANEDIOIC  ACID,  DIMETHYL 

ESTER,  41,  33 

Octane,  2,7-dimethyl-2,7-dinitro-,  41, 

24 

2-Oxa-7,7-dichloronorcarane,  41,  76 
Oxalyl  chloride,  condensation,  with 
N,N-diethylaniline,  41,  3 
with  N,N-dimethylaniline,  41,  1 
with  N,N-di-n-propylaniline,  41, 
3 

reaction  with  mesitylene,  44,  70 
Oxidation,  of  acids  to  peroxy  acids  by 
hydrogen  peroxide,  43,  96 
of  alkylarenes  to  aromatic  carboxylic 
acids,  43,  80 

of  />-aminoacetanilide  to  4, 4 '-diamino- 
azobenzene  by  sodium  perborate, 
40,  18 

of  aryl  iodides,  to  iodosoarene  diace¬ 
tates,  43,  62 
to  iodoxyarenes,  43,  66 
of  /er/-butyl  alcohol  to  a,a,a',a'-tetra- 
methyltetramethylene  glycol  by 
hydrogen  peroxide  and  ferrous 
sulfate,  40,  90 

of  /er/-butylamine  to  a,a,a',a'-tetra- 
methyltetramethylenediamine  by 
hydrogen  peroxide  and  ferrous 
sulfate,  40.  92 

of  /-butyl  hydrazodiformate  with 
N-bromosuccinimide  and  pyri¬ 
dine,  44, 18 

of  l-chloro-2,3,3-trifluorocyclobutene 
by  permanganate,  42,  45 
of  Crystal  Violet  with  hydrogen  per¬ 
oxide,  41,  2,  3-4 

of  cycloheptatriene  to  tropylium  fluo- 
borate,  43,  101 

of  dihydroxycyclopentene  mixture  by 
chromium  trioxide,  42,  36 
of  diisobutylene  to  neopentyl  alcohol 
by  hydrogen  peroxide,  40,  76 
of  1,1-disubstituted  hydrazines,  44,  25 


Oxidation,  of  Grignard  reagents  with 
peresters,  41,  91;  43,  55 
of  2-hydroxy-3-methylbenzoic  acid  to 
2-hydroxyisophthalic  acid  by 
lead  dioxide,  40,  48 
of  indene,  41,  53 ;  44,  63 
of  indolepyruvic  acid,  44,  66 
of  methyl  disulGde  to  methanesulfinyl 
chloride  by  chlorine,  40,  62 
of  2-exo-norbornyl  formate  by  chro¬ 
mic  acid,  42,  79 

of  olefins  with  /-butyl  perbenzoate, 

44,  14 

of  pentachlorobenzaldehyde  to  penta- 
chlorobenzoic  acid,  44,  80 
of  pentachlorotoluene  to  pentachloro- 
benzoic  acid,  44,  80 
of  pivalic  acid  to  a,a,a',a'-tetrameth- 
yladipic  acid  by  hydrogen  per¬ 
oxide  and  ferrous  sulfate,  40,  92 
of  pivalonitrile  to  a,a,a',a'-tetrameth- 
yladiponitrile  by  hydrogen  per¬ 
oxide  and  ferrous  sulfate,  40,  92 
of  trialkylmethylamines  to  trialkyl- 
nitromethanes,  43, 87 
of  l,2,4-triazole-3(5)-thiol  to  1,2,4- 
triazole  by  nitric  acid,  40,  100 
Oxidative  decarboxylation,  potassium 
ferricyanide  in,  40,  86 
OxiNDOLE,  3-ACETYL-,  40,  1 
Ozone,  reaction  with  phenanthrene,  41, 
41,46 

Ozonolysis,  methanol  as  solvent  for,  41, 
41,46 

of  phenanthrene,  41,  41,  46 

Palladized  charcoal  in  reduction  of  2-ni- 
trofluorene  to  2-aminofluorene, 

40,  5 

Palladized  strontium  carbonate,  44,  37 
I  2.2]Paracyclophane,  42,  83 
Paraformaldehyde,  condensation  with 
nitromethane,  41,  67 

2.3.4.5.6- Penta-O-acetyl-d-gluconic 

acid,  41,  79 

conversion  to  acid  chloride,  41,  80 

2.3.4.5.6- Penta-O-acetyl-d-gluconyl 

CHLORIDE,  41,  79 
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Pentachlorobenzoic  acid,  44,  78 
1,2,3,4,5-Pentachloro-5-ethylcyclo- 
PENTADIENE,  43,  90 
Pentachlorotc  Irene,  44,  80 
Pentacyanopropene,  41 ,100 
acid  strength  of,  41,  100 
Pentalene,  44,  98 

Pentane,  2,2,4-trimethyl-4-nttro,  43, 
87 

2,4-Pentanedione,  3-methyl-,  42,  75 
Pentatricontanedioic  add,  43, 39 
Peracetic  acid,  for  oxidation  of  iodo- 
benzene  to  iodosobenzene  diace¬ 
tate,  43,  62 

for  oxidation  of  iodobenzene  to  io- 
doxybenzene,  43,  65 
iodometric  analysis  of,  43,  63 
Perbenzoic  acid,  warning,  44,  81 
Perchloric  acid  in  synthesis  of  2,4,6-tri- 
methylpyrylium  perchlorate,  44, 
99,  101 

Perfluoroalkylsulfur  trifluoride,  44,  85 
Performic  acid,  reaction  with  indene,  41, 
53 

Peroxides,  test  for,  41,  92 
Peroxy  acids  from  carboxylic  acids  and 
70%  hydrogen  peroxide,  43,  96 
Peroxybenzoic  acid,  43, 93 
iodometric  analysis  of,  43,  94 
Peroxystearic  acid,  43,  96 
Phenacylamine  hydrochloride,  41, 
82 

Phenanthrene,  ozonization  of,  41,  41, 
46 

PHENETHYL AMINE,  a-a-DIMETHYL,  44,  44 
Phenylacetic  acid,  43,  82 

alkylation  of  disodium  salt  of,  40, 
39 

Phenylacetyl  chloride,  conversion  to 

phenylacetyl  iso  thiocyanate,  44, 

91 

Phenylacetyl  isothiocyanate,  44,  91 
L-Phenylalanine,  reaction  with  phthalic 
anhydride  to  yield  N-phthalyl-L- 
phenylalanine,  40,  82 
Phenyl  /sW-butyl  ether,  41,  91 
Phenyl  chloroformate,  conversion  to 
/-butyl  phenyl  carbonate,  44,  22 


1-Phenylcyclopropanecarboxaldehyde, 
44,  33 

1-Phenylcyclopropanecarboxylic  acid, 

44,  33 

( 1  -Phenylcyclopropyl)  -diphenylphos- 
phine  oxide,  44,  33 

Phenyl  disulfide  for  synthesis  of  phenyl- 
sulfur  trifluoride,  44,  82 
a-Phenylethylamine,  N-chlorination  of, 
41,  82 

conversion  to  phenacylamine  hydro¬ 
chloride,  41,  82 

a-Phenylethyl  chloride,  alkylation  of  so¬ 
dium  sodiophenylacetate  with, 

40,  40 

Phenyl  isocyanate,  conversion  to  di- 
phenylcarbodiimide,  43, 31 
Phenyl  isocyanide,  41, 103 
Phenyllithium,  reaction  with  allyltri- 
phenyltin,  41,  30 
standardization  of,  41,  32 
Phenylmagnesium  bromide,  41, 91;  44,52 
reaction  with  /er/-butyl  perbenzoate, 

41,  91 

N-Phenylmaleimtde,  41,  93 
7-Phenylnorbornadiene,  44,  14 
/>-Phenylphenacylamine,  hydrochloride 
of,  41,  87 

N-Phenylpiperidine  from  sodium  ben- 
zenesulfonate  and  piperidine,  40, 
75 

Phenylpropiolic  acid,  42,  99 
3-Phenylpropyltrimethylammonium 
iodide,  44,  33 
5-Phenylpyrazoline,  44,  32 
Phenylpyruvic  acids  by  hydrolysis  of 
phenylhydantoins,  43,  49 
Phenylsulfur  trifluoride,  44,  82 
for  converting  carbonyl  to  difluoro- 
methyl  groups,  44,  40 
for  synthesis  of  a, a-difluoro toluene, 
44,  39 

1-Phenyl-2-thiobiuret,  42,  87 
l-Phenyl-2-thio-4-ethylisobiuret,  42,  89 
la-Phenyl-2a-thiohomophthalimide, 

44,  93 

l-Phenyl-2-thio-4-methylisobiuret,  42, 

87 
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3-Phospholene,  3-methyl-1-phenyl-, 
1 -OXIDE,  43,  73 

Phosphorus  oxychloride,  dehydration  of 
formamides  with,  41,  13,  101 
removal  from  reaction  of  cyanoacetic 
acid  and  phosphorus  pentachlo- 
ride,  41, 5, 7 

Phosphorus  pentachloride,  for  conver¬ 
sion  of  pentaacetylgluconic  acid 
to  acid  chloride,  41,  80 
for  oxidation  of  cycloheptatriene 
to  tropylium  fluoborate,  43,  101 
with  cyanoacetic  acid,  41,  5 
Phosphorus  tribromide,  reaction  with 
l,5-hexadien-3-ol,  41,  50 
Phthalic  acids  from  thioimides,  44,  93 
Phthalic  anhydride,  reaction  with 
L-phenylalanine  to  yield  N- 
phthalyl-L-phenylalanine,  40,  82 
Phthalic  monoperacid,  42,  77 
Phthalonic  acid,  44,  63 
N-Phthalyl-L-alanine,  40,  84 
N-Phthalyl-/3-alanine,  40,  84 
N-Phthalylglycine,  40,  84 
N-Phthalyl-l-/3-phenylalanine,  40, 82 
PlMELIC  ACID,  /3-OXO-,  DIETHYL  ESTER, 
42,  41 

Pinacol  rearrangement  of  1,2-indane- 
diol,  41,  53 

Piperazine,  N-alkylation  with  benzyl 
chloride,  42,  19 
Piperazine,  1-benzyl-,  42, 19 
Piperidine,  addition  to  ethylene,  43,  45 
as  catalyst  for  Claisen-Schmidt  con¬ 
densation,  41,  40 
Piperidine,  1-ethyl-,  43,  45 
Piperidine,  l- (2-naphthyl)-,  40, 74 
Pivalic  acid,  oxidative  coupling  to  a,a,- 
a',a'-tetramethyladipic  acid,  40, 
92 

Pivalonitrile,  oxidative  coupling  to  a,a,- 
a',a'-tetramethyladiponitrile,  40, 
92 

Polyphosphoric  acid  in  cyclization  of 
ethyl  <x-acetyl-/3-(2,3-dimethoxy- 
phenyl)propionate  to  6,7-dimeth- 
oxy-3-methylindene-2-carboxyl- 

ate,  40,  43 


Potassium  amide  in  conversion  of 
o-acetbacetochloroanilide  to 
3-acetyloxindole,  40,  1 
Potassium  lerl-butoxide,  41,  101 
in  dehydration  of  formamides  to  iso¬ 
cyanides,  41,  101 

Potassium  cyanide,  reaction  with  N,N- 
dimethylaminomethyl  ferrocene 
methiodide  to  yield  ferrocenyl- 
acetonitrile,  40,  45 
Potassium  ethoxide  for  conversion  of 

1  -carbethoxymethyl-4-carbethox- 
ypiperidine  to  3-quinuclidone, 

44,  87 

Potassium  ferricyanide  in  oxidative  de¬ 
carboxylation,  40,  86 
Potassium  permanganate  for  oxidation 
of  (trialkylmethyl)amines  to  tri- 
alkylnitromethanes,  43, 87 
Pregnenolone  acetate,  conversion  to  3/3- 
acetoxyetienic  acid,  42,  5 
Propane,  2,2-dibutoxy-,  42, 1 
Propargylsuccinic  anhydride,  by-prod¬ 
uct  in  addition  of  maleic  anhy¬ 
dride  to  allene,  43,  27 

1- Propene-1 ,1  ,2,3,3-pentacarboni- 

TRILE,  TETRAMETHYLAMMONIUM 
SALT,  41,  99 

Propionic  acid,  3-chloro-2,2,3-tri- 
fluoro-,  40,  11 

Propionic  acid,  2,3-diphenyl-,  40,  38 
N-Propylallenimine,  44,  55 
Pyrimidine,  4-methyl-,  43,  77 

2- Pyrimidinethiol,  43,  68 

Pyridine,  amination  to  1-aminopyri- 
dinium  iodide,  43,  1 
as  base  in  dehydration  of  formamides 
with  phosphorus  oxychloride,  41, 
13 

as  catalyst,  for  condensation  of 
malonitrile  and  tetracyanoeth- 
ylene,  41,  99 

for  reaction  of  furfural  with  cyano¬ 
acetic  acid,  40,  47 

conversion  to  4-pyridinesulfonic  acid, 
43,97 

Pyridine  derivatives  from  pyrylium 
salts,  44,  103 
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4-Pyridinesulfonic  acid,  43,  97 
Pyridine,  2,3-diamino-,  44,  34 

PYRDDINIUM,  1 -AMINO-,  IODIDE,  43,  1 

N-(4-Pyridyl)pyridinium  chloride  hy¬ 
drochloride,  43,  97 

Pyrrole,  2,3,4,5-tetramethyl-,  42, 
92 

Pyrrolidine  as  catalyst  for  Claisen- 
Schmidt  condensation,  41,  39 
Pyruvic  acid,  chlorination  to  chloro- 
pyruvic  acid  by  means  of  sulfuryl 
chloride,  40,  54 

Pyruvic  acid,  ^-hydroxyphenyl-,  43, 

49 

Pyrolysis,  of  2 -/eri-butoxy  thiophene  to 
2-hydroxythiophene,  43,  55 
of  dimethyl  3-methylenecyclobutane- 
1,2-dicarboxylate  to  methyl 
butadienoate,  43,  71 

3-Quinolinol,  40, 54 
QuiNONE,  TETRAHYDROXY-,  42,  90 
P-Quinquephenyl,  40,  85 
3-Quxnuclidinone,  HYDROCHLORIDE, 

44,  86 

3-Quinuclldone  hydrochloride,  44, 

86 

Rearrangement,  acid-catalyzed,  of  cy¬ 
clohexanone  diallyl  acetal  to  2- 
allylcyclohexanone,  42, 14 
of  ewdo-tetrahydrocyclopentadiene  to 
adamantane,  42, 9 
pinacol,  of  1,2-indanediol,  41,  53 
Reduction,  see  also  Hydrogenation 
electrolytic,  see  Electrolysis 
of  amine-aldehyde  adducts,  44,  74 
of  2-amino-5-bromo-3-nitropyridine 
to  2,3-diamino-5-bromopyridine 
with  iron,  44,  35 

of  anisoin  to  deoxyanisoin  by  tin  and 
hydrochloric  acid,  40,  16 
of  aromatic  compounds  to  dihydro¬ 
aromatics  by  sodium  and  am¬ 
monia,  43,  23 

of  arylsulfonyl  chlorides  to  aryl  di¬ 
sulfides  by  hydriodic  add,  40, 

81 


Reduction,  of  l,2-bis(«-butylthio)ben- 
zene  by  sodium  and  ammonia, 
42,  54 

of  l-carbethoxymethyl-4-carbethox- 
ypyridinium  bromide  to  1-carbe- 
thoxymethyl-4-carbethoxypiperi- 
dine,  44,  86 

of  2,3-diamino-5-bromopyridine  to 
2,3-diaminopyridine  with  hydro¬ 
gen  and  palladized  strontium 
carbonate,  44,  36 

of  diethyl  isonitrosomalonate,  to  di¬ 
ethyl  acetamidomalonate  by  zinc 
dust  and  acetic  add,  40,  22 
to  diethyl  aminomalonate  by  hy¬ 
drogen  over  palladium-on-char- 
coal,  40,  24 

of  N,N-diethyl-2,2,2-trichloroacet- 
amide  with  tri-n-butylphosphine 
41,  22 

of  l,3-dinitro-4,6-diaminobenzene  to 
2,4,5-triaminonitrobenzene  by 
sodium  polysulfide,  40,  97 
of  3-ethoxy-2-cyclohexenone  to  2-cy- 
clohexenone  by  lithium  aluminum 
hydride,  40,  14 

of  ketone  groups  to  methylene  groups 
by  hydrazine,  43,  34 
of  m-nitrobenzenesulfonyl  chloride  to 
w-nitrophenyl  disulfide  by  hy¬ 
driodic  acid,  40,  80 
of  2-nitrofluorene  to  2-aminofluorene 
by  hydrazine  hydrate  over 
palladium-on-charcoal,  40,  5 
of  peroxide  with  sodium  iodide,  41, 
41 

of  quinuclidone  to  quinuclidine,  44, 
90 

of  tetrahydroxyquinone  by  stannous 
chloride,  42,  66 

of  thiohomophthalimides  to  tetrahy- 
droisoquinolines,  44,  94 
of  2,3,5-tribromothiophene  to  3-bro- 
mothiophene,  44,  9 

Reductive  cyclization  of  the  potassium 
salt  of  ethyl  o-nitrophenylpyru- 
vate  to  ethyl  indole-2-carboxyl- 
ate,  43,  40 


128 


SUBJECT  INDEX 


Replacement,  of  aromatic  chlorine 
atoms,  by  amino  groups  using 
ammonia,  40,  97 

by  iodine  atoms  using  sodium 
iodide,  40,  34 

of  3  bromo  in  2,3-dibromopropene 
by  amino,  using  hexamethylene¬ 
tetramine,  43,  6 

Resolution  of  optically  active  alcohols, 

42,  7 

Resorcinol,  hydrogenation  of,  41,  56 
Ritter  reaction,  N-benzylacrylamide, 
42,  18 

nitriles  with  tertiary  alcohols,  benzyl 
alcohols,  and  alkenes,  44,  46 
Ruthenium,  conversion  to  trichloride, 
41,  97 

Ruthenium,  dicyclopentadienyl-,  41, 

96 

Ruthenium  trichloride,  in  preparation 
of  ruthenocene,  41,  96 
Ruthenocene,  41,  96 

Schiemann  reaction,  hexafluorophos- 
phate  modification  in  preparation 
of  l-bromo-2-fluorobenzene,  43, 
12 

Sebacic  acid,  43,  39 
Sebacoyl  chloride,  43,  37 
2,2'-Sebacoyldicyclohexanone,  43,  34 
Silver  difluoride,  reaction  with  phenyl 
disulfide,  44,  82 
Silver  monofluoride,  44,  82 
Sodium  amide,  as  catalyst  for  carbona- 
tion  of  methylacetylene,  42,  98 
for  formation  of  sodium  sodiophenyl- 
acetate,  40,  38 

for  methylation  of  indole,  40,  68 
for  reaction  of  sodium  benzenesulfon- 
ate  with  piperidine,  40,  75 
for  reaction  of  sodium  a-  and  /5-naph- 
thalenesulfonates  with  piperi¬ 
dine,  40,  74 

reaction  with  N-(2-bromoallyl)ethyl- 
amine,  44,  54 

Sodium  benzenesulfonate,  reaction  with 
piperidine  to  form  N-phenylpi- 
peridine,  40,  75 


Sodium  cyanide,  reaction  with  chloro- 
trifluoroethylene  to  form  3- 
chloro-2,2,3-trifluoropropionic 
acid,  40,  11 

Sodium  cyclopentadienide,  41,  96 
Sodium  dichromate  for  oxidation  of 
alkylarenes  to  aromatic  car¬ 
boxylic  acids,  43,  80 
Sodium  ethoxide  for  condensation  of  di¬ 
ethyl  oxalate  with  diethyl  succi¬ 
nate,  44,  67 

Sodium  iodide,  in  conversion  of  2,4-di- 
nitrochlorobenzene  to  2,4-dinitro- 
iodobenzene,  40,  34 
reduction  of  peroxide  with,  41,  41 
Sodium  methoxide,  41,  85 
for  generation  of  dichlorocarbene,  41 
76 

in  Kolbe  electrolysis,  41,  33 
reaction  with  N,N-dichloro-a-phenyl- 
ethylamine,  41,  83 

Sodium  a-naphthalenesulfonate,  reac¬ 
tion  with  piperidine  to  form  N-a- 
naphthylpiperidine,  40,  75 
Sodium  /S-naphthalenesulfonate,  reac¬ 
tion  with  piperidine  to  form  N-/S- 
naphthylpiperidine,  40,  74 
Sodium  nitrite  in  conversion  of  diethyl 
malonate  to  diethyl  isonitroso- 
malonate,  40,  21 

Sodium  perborate,  coupling  of  ^-amino- 
acetanilide  to  4,4'-bis(acetamido)- 
azobenzene  using,  40,  19 
Sodium  polysulfide  as  agent  to  reduce 
1 , 3-dim  tro-4,6-diaminobenzene 
to  2,4,5-triaminonitrobenzene, 
40,97 

Sodium  suspension,  preparation,  44,  96 
Styrene,  44,  33 

Succinic  acid,  2,2-dipluoro-,  42,  44 
Succinic  acid,  o;-ethyl-o;-methyl-,  44, 

59 

Succinimide,  N-IODO-,  42,  73 
Sulfanilic  acid,  reaction  of  the  diazonium 
salt  with  substituted  benzyl  alco¬ 
hols  to  give  aldehydes,  44,  4 
Sulfoacetic  acid,  44,  102 
Sulfonation  of  pyridine,  43,  97 
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O-Sulfonylhydroxylamines,  44,  17 
Sulfur  tetrafluoride,  for  converting  car¬ 
bonyl  to  difluoromethyl  groups, 

44,  40 

in  conversion  of  carboxylic  acids  to 
1,1,1-trifluoro  compounds,  41, 104 

toxicity  of,  41,  105 

Sulfur  trifluorides,  agents  for  conversion 
of  carbonyl  and  carboxyl  groups 
to  difluoromethylene  and  trifluo- 
romethyl  groups,  44,  85 
Sulfuryl  chloride,  for  chlorinolysis  of 

2,4-dinitrophenyl  benzyl  sulfide 
to  2,4-dinitrobenzenesulfenyl- 
chloride,  44,  48 

reaction  with  pyruvic  acid  to  yield 
chloropyruvic  acid,  40,  54 

2.3.4.6- Tetra-O-acetyl-D-gluconic  add 
monohydrate,  41,  79 

acetylation  of,  41,  80 
Tetraallyltin,  allyflithium  from,  41,  32 

2.3.5.6- Tetrachloro-4-methylacetophe- 
none  from  aluminum  chloride 
catalyzed  chlorination  of  p- 
methylacetophenone,  40,  10 

Tetracyanoethylene,  condensation  with 
malonitrile,  41,  99 
Tetradecanedioic  add,  43,  39 

1.1.3.3- Tetraethoxypropane,  conden¬ 
sation  with  thiourea  to  give 
2-mercaptopyrimidine,  43, 68 

endo- T etrahydrodicyclopentadiene  from 
dicydopentadiene,  42,  8 
Tetrahydrofuran,  purification  of,  41,  31 
Tetrahydroisoquinolines  from  thiohomo- 
phthahmides,  44,  94 

1.4.5.6- Tetrahydro-3-methoxybenzoic 
acid,  43,  24 

1.2.3.4- Tetrahydro-7>-toluic  add,  43,  24 
Tetrahydroxyquinone,  42,  90 
a,a,a',a'-Tetramethyladipic  add  from 

pivalic  acid,  40,  92 

a.a^V^Tetramethyladiponitrile  from 
pivalonitrile,  40,  92 

Tetramethylammonium  chloride  as 
source  of  tetramethylammonium 
cations,  41,  99 


Tetramethylammonium  1, 1,2,3, 3-pen- 
TACYANOPROPENIDE,  41,  99 
N,N,N',N'-Tetramethylmethy]enedi- 
amine,  40,  32 

2.3.4.5- Tetramethylpyrrole,  42,  92 

2.2.5.5- Tetramethyltetrahydro-3- 

KETOEURAN,  40,  88 
a,a,a',a'-Tetramethyltetramethylenedi- 
amine  from  ter/-butylamine,  40, 

92 

Qt,a,a',a'-TETRAMETHYLTETRAMETHYL- 
ENE  GLYCOL,  40,  90 

2,4,5,7-Tetranitrofluorenone,  42,  95 
Tetraphenyltin  from  phenyliithium  and 
allyltriphenyltin,  41,  30 
Tetrolic  acid,  42,  97 
Thiobenzoylthioglycolic  acid,  42,100 
2a-Thio-l-homo-l,2-naphthalimide,  44, 

93 

2u-Thiohomophthalimide,  44,  91 
hydrolysis  to  homophthalic  acid,  44, 
62 

la-Thio-l,2-naphthalimide,  44,  93 
Thionyl  chloride  for  conversion  of 
pyridine  to  N-(4-pyridyl)pyri- 
dinium  chloride  hydrochloride, 

43,  97 

Thionyl  fluoride,  as  by-product  in  sulfur 
tetrafluoride  reactions,  41,  105 
toxicity  of,  41,  105 
Thiophene,  bromination  to  2,3,5-tri- 
bromothiophene,  44, 10 
Thiophene,  3-bromo-,  44,  9 
Thiophene-2-ol,  43,  55 
Thiophene-2a-thio-2,3-dicarboximide, 

44,  93 

2(5H)-Thiophenone,  43,  55 
Thiosemicarbazide,  in  synthesis  of 

1,2,4-triazole,  40,  99 
reaction  with  formic  acid  to  yield 
l-formyl-3-thiosemicarbazide, 

40,  99 

Thiourea  with  1,1,3,3-tetraethoxypro- 
pane  to  give  2-mercaptopyrim¬ 
idine,  43,  68 

Tin  in  reduction  of  anisoin  to  deoxy- 
anisoin,  40,  16 

Toluene,  a,a-DiFLUORO-,  44,  39 
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/•-Toluenesulfonic  add,  as  catalyst,  for 
formation  of  enamines,  41,  65 
for  reaction  of  dihydroresordnol 
with  ethanol,  40,  41 

/>-Toluenesulfonic  acid,  hydrazide, 

40,  93 

/>-Toluenesulfonyl  chloride  in  prepara¬ 
tion  of  p  -  toluenesulf  onylhy- 
drazide,  40,  93 

p-T OLUENESULFONYLH YDRAZrDE,  40,  93 
o-Toluidine,  conversion  to  N-o-tolyl- 
formamide,  41,  102 
N-o-Tolylformamide,  41,  102 
dehydration  to  o-tolyl  isocyanide,  41, 
102 

o-Tolylisocyanide,  41,  101,  103 
Tolylphenylsulfur  trifluoride,  44,  84 
Trialkylnitromethanes  from  (trialkyl- 
methyl)amines  by  oxidation,  43, 
87 

Triallylphenyltin,  allyllithium  from,  41, 
32 

2,4,5-Triaminonitrobenzene,  40,  96 

1.2.4- Triazole,  40,  99 
1H-1, 2, 4-Triazole,  40,  99 

1.2.4- Triazole-3(5)-thiol  from  1-formyl- 

3-tbiosemicarbazide,  40,  100 

2.3.5- Tribromothiophene,  conversion  to 

3-bromothiophene,  44,  9 
Tri-w-butylphosphine,  reduction  of 
N,N-diethyl-2,2,2-trichloroacet- 
amide  with,  41,  22 
Tri-n-butylphosphine  oxide,  41,  23 
a,a,a-T  RICHLOROACET  ANILIDE,  40,  103 
Trichloroacetyl  chloride,  condensation 
with  diethylamine,  41,  21 

1 . 1 .2- T  richloro-2 ,3,3-trifluorocy  clobu- 

tane,  42,  45 

1.1.2- Trichloro-l,2,2-trifluoroethane, 

44,  82 

Tricontanoic  acid,  43,  39 
Tricyclo[3.3.1.18,7]decane,  42,  8 
Tricyclo[8.2.2.24  ’7]hexadeca- 

4,6,10,12,13,15-hexaene,  42, 

83 

Triethylamine  as  catalyst  for  reaction 
of  phthalic  anhydride  with  l- 
phenylalanine,  40,  83 


Triethyl  oxalylsuccinate,  conversion  to 
a-ketoglutaric  acid,  44,  67-68 
Triethyl  phosphite  for  ethylation  of 
hexachlorocyclopentadiene,  43, 

90 

(4,4,4-T rifluorobu  tyl)cyclohexane,  41 , 
106 

1.1.1- Trifluorododecane,  41,  106 

1.1.1- Trifluoroheptane,  41,  104 

1.1.1- Trifluorohexadecane,  41,  106 
/>-Trifluoromethylnitrobenzene,  41, 

106 

1.1.1- Trifluoro-3,5,5-trimethylhexane, 

41, 106 

1.3.5- Trimercaptobenzene,  42,  55 

2.4.6- Trimercaptomesitylene,  42,  55 

3.4.5- Trimethoxybenzomtrile,  43, 59 
Trimethylacetic  acid,  44,  2 
4,6,8-Trimethylazulene,  44,  94 

2,2,3-Trimethylbutanoic  acid,  44,  3 
N-(3,5,5-Trimethylhexyl)alleniinine,  44, 

55 

1.1.1- Trimethylhydrazinium  hydrogen 

oxalate,  43,  2 

2.4.6- Trimethylmandelic  acid,  44,  71 

2.4.6- Trimethylphenol,  conversion  to 

1 .3- dihydro-3, 5, 7 -trimethyl-2H- 
azepin-2-one,  44,  41 

2.4.6- Trimethylphenylglyoxylic  acid, 

44,  71 

2.4.6- Trimethylpyrylium  perchlo¬ 

rate,  44,  98 

impact  sensitivity,  44,  99 
in  preparation  of  4,6,8-trimethylazu- 
lene,  44,  95 

Trioxymethylene,  condensation  with 
nitromethane,  41,  67 
Triphenylcinnamylphosphonium  chlo¬ 
ride,  from  triphenylphosphine 
and  cinnamyl  chloride,  40,  36 
reaction  with  benzaldehyde  and 
lithium  ethoxide  to  yield 

1.4- diphenyl-l, 3-butadiene,  40, 
36 

Trlphenylene,  40,  105 
Triphenylmethylphosphonium  bromide, 
conversion  to  methylenetriphen- 
ylphosphine,  40,  66 
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Triphenylphosphine,  in  preparation  of 
triphenylmethylphosphonium 
bromide,  40,  66 

reaction  with  cinnamyl  chloride  to 
yield  triphenylcinnamylphos- 
phonium  chloride,  40,  36 
reaction  with  ^-xylylene  dichloride, 
40,  85 

Triphenyltin  chloride,  allyltriphenyltin 
from,  41,  31,  32 

Tropilidene,  oxidation  to  tropylium 
fluoborate,  43, 101 

Tropylium  fluoborate,  43, 101 

Urea,  hydroxy-,  40,  60 

Vinyl  acetate,  addition  to  chlorotri- 
fluoroethylene,  43,  17 

Vinyl  amine,  1,2,2-trichloro-N,N-di- 
ETHYL-,  41,  21 

Vinvllithium,  preparation  from  vinyltin 
derivatives,  41,  32 


Wittig  reagent,  for  preparation  of  1,4-di- 
phenyl-1 ,3-butadiene,  40,  36 
for  preparation  of  methylenecyclo- 
hexene,  40,  66 

Wolfi-Kishner  reduction  of  disodium  7, 
16-diketodocosanedioate,  43,  35 

^-Xylvlene-bis(triphenylphosphonium 
chloride),  in  synthesis  of  />-quin- 
quephenyl,  40,  85 

in  synthesis  of  substituted  quinque- 
phenyls,  40,  87 

Zinc  chloride  as  catalyst  for  acetylation, 
41,  79,  80 

Zinc-copper  couple,  41,  72 
for  cyclization  of  1,3-dibromo-l-phen- 
ylpropane,  44,  31 
preparation,  44,  32 
reaction  with  methylene  iodide  and 
cyclohexene,  41,  73 

Zinc  in  preparation  of  3-bromothio- 
phene,  44,  9 
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